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PEEFACE. 


JN the following pages I have endeavoured to give 
a systematic account of the Glacial Epoch, with 
special reference to its changes of climate. My 
intention at first was to restrict myself to a brief 
description of British glacial and post-glacial deposits, 
for the purpose of pointing out the general succession 
established, or in process of being established, by 
geologists in this country; and, thereafter, of draw- 
ing some conclusions as to the position in the series 
of the palseolithie gravels, &c., of southern England. 
But I eventually found, that in order to make my 
argument intelligible to non-specialists, it would bo 
necessary to describe in detail some sufficiently large 
area, in which glacial deposits might be considered 
as typically developed. It is for this reason that I 
have entered so fully into the geological history of 
glacial and post-glacial Scotland. In delineating the 
post-tertiary geology of that country, I have been 
enabled to discuss many elementary matters, which 
are, no doubt, Bufi^ciently familiar to my fellow- 
hammerers, but which a general reader could hardly be 
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expected to know. In short, while treating of the 
Scottish deposits, I have endeavoured to explain the 
mode of investigating, and the principles of inter- 
preting glacial phenomena. I also thought that by 
confining detailed sketching to the glacial history of 
a well-defined region, it would bo possible to convey 
to the reader’s mind a more Advid impression of what 
the Glacial Epoch really was, than if I ventured to 
take a wider canvas. But my chief aim throughout 
has been to indicate the succession of climatal changes 
that obtained during the Glacial Epoch — not in Scot- 
land alone, but in every glaciated region which has 
been carefully studied by geologists. For I have long 
been of opinion that imtil this has been done, until 
we clearly understand what the succession of changes 
during the Ice Age was, it is premature to speculate 
upon the geological age of those deposits which hold 
the earliest traces of man in Britain. The great 
difference that obtains between the fauna of un- 
doubted post-glacial and recent beds in Scotland, 
north of England, Wales, and Ireland, on the one 
hand, and the cave-deposits and palseoHthic gravels of 
Southern England on the other, has long been a puzzle 
to me, as it has, no doubt, been to other geologists. 
But it was not xmtil years had been spent in the study 
of the glacial deposits that what I conceive to be the 
true explanation of the difficulty dawned upon me. 

Geologists are aware that the post-glacial age of 
the cave-deposits has not infrequently been called in 
qiiestion. Dr. Buckland, Mr. Godwin- Austen, and 
Professor Kamsay, have each expressed a belief that 
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pome of our cave-deposits may date back to pre- 
glacial times; and Mr. Godwin- Austen long ago 
pointed out that the “ sub-aerial beds ” of the 
English Channel districts were the equivalents of the 
glacial deposits elsewhere ; and that the broad 
alluvia of our more southerly rivers, such as the 
Severn, the Eal, the Dart, and the Thames, belong 
to a period prior to the great submergence, during 
which the high-level marine drifts of Wales were 
accumulated. In other words he showed that these 
river-gravels coidd not be referred to post-glacial 
times. Within more recent years a modification of 
Mr. Godwin- Austen’s view has been energetically put 
forward by Mr. W. Boyd Dawkins, who is of opinion 
that our paleolithic deposits belong to a time sub- 
sequent to the great submergence just referred to. 
He holds that man and the extinct mammalia lived in 
the south of England at a period when Scotland, 
Wales, and the northern districts of England were 
covered with ice and snow, and when our summers 
were warm and our winters very severe. Other 
geologists, however, as Mr. Prestwich, have con- 
tended that we have no evidence of warm summers 
having obtained during palaeolithic times ; while, yet 
others have, on the contrary, thought the evidence 
pointed to a considerably warmer climate than we 
now enjoy. Sir C. Lyell gives two explanations of 
the facts, and thinks the commingling of arctic and 
southern forms of animal life, may point either to a 
period of strongly-contrasted summers and winters, or 
to fluctuations of climate ; but he is clearly of opinion 
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that all the palajolithic gravels belong to post-glacial 
times. The Rev. 0. Fisher has described a deposit, 
called by him “trail,” which he believes to be the 
product of land-ice ; as it overlies in places paleolithic 
deposits, he considers that a glacial period has inter- 
vened since the disappearance of paleolithic man. 
Mr. J. Croll has referred to the apparently conflicting 
evidence of the mammaliferous deposits, as an indica- 
tion of former changes of climate, and this is the view 
which Sir J. Lubbock inclines to support, and which 
is advocated in these pages. I have, however, 
ventured an explanation of the peculiar distribution 
of palaeolithic gravels, differing from any previously 
advanced. None of these gravels in my opinion arc 
post-glacial, but all must be relegated to pre-glacial 
and inter-glacial times. Their absence from the 
northern districts I account for by showing that they 
have been swept out of these regions by confluent 
glaciers, and by the sea during the period of great 
submergence. 

These views I first broached dui’ing the discussion 
that followed upon the reading of an interesting 
paper by Mr. W. Boyd Dawkins, at the Edinburgh 
meeting of the British Association in 1871. But as 
the t&ne allowed for discussion at these meetings is 
necessarily short, I was unable to do justice to my 
views ; believing them, however, to be worth atten- 
tion, I gave an outline of them in a series of monthly 
articles in the Geological Magazine, the first of which 
appeared in the number for December, 1871. These 
articles I subsequently collected, and re-issued with 
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some additions and rearrangements in the summer of 
the year following. 

As far as I know, these papers were the first 
attempt to prove, by correlating glacial deposits, that 
the palaeolithic gravels of Southern England coidd 
not he of post-glacial age, but ought to be referred to 
inter-glacial and pre-glacial times. They also bring 
forward, for the first time, reason to show that a wide 
land-surface existed in the British area after the 
disappearance of the ice-sheets, and before the period 
of great submergence had commenced. 

The recent discovery of human remains in the 
Victoria CaA'c, whore, as Mr. Tiddeman has shown, 
the deposits are overlaid by a glacial accumulation, is 
direct evidence in corroboration of the conclusions 
which I had previously arrived at and published. 

In the preparation of this volume I have availed 
myself of a number of papers, communicated from 
time to time to various scientific societies and publica- 
tions, and in fact these chapters may be considered as 
only an expansion of the articles “ On Changes of 
Climate during the Glacial Epoch,” which first 
appeared in the pages of the Geological Magazine. 

It would be unbecoming in me, if I did not here 
acknowledge the obligations I am under to the 
■writings of those who have preceded me in describing 
the glacial deposits of Scotland, more especially to 
the successive publications of Messrs. Maclaren, 
Chambers, Jamieson, and A. Geikie. I had hoped 
to be able to append a list of works by these and 
other authors, relating to the glacial and post-glacial 
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geology of the British Islands, together with such 
foreign papers as I had come across in the course of 
my reading ; hut after making some progress, I was 
reluctantly compelled to abandon my design, as the 
list threatened to form quite a volume of itself. 

To my colleagues on the Geological Survey of 
Scotland, I am indebted for much valuable assist- 
ance, willingly rendered. Of these, my old friend 
Mr. B. N. Peach, supplied me with the highly 
characteristic sketches of striated stones, and the 
beautiful views of Loch Boon, and the Carse of 
Stirling ; while from the facile pencil of Mr. H. M. 
Skae, I received the fine drawing of the Coolin 
Mountains, and the illustrations of Alpine, Arctic, 
and Antarctic scenery which adorn these pages. Mr. 
E. L. Jack also kindly furnished me with the map 
and sections of Loch Lomond, and with the chart 
showing the physiography of western Scotland that 
would appear upon an elevation of 600 feet. To the 
same obliging friend I am likewise indebted for many 
practical hints and suggestions during the progress of 
my work through the press. Mr. E. Etheridge, Jun., 
has enhanced the value of these pages by the long 
list of organic remains which is given in the 
■ Appendix ; and has, moreover, laid me under many 
obligations by the trouble he has taken to verify 
references and consult libraries, of which my absence 
from town on ofBcial duty would otherwise, in many 
cases, have prevented me availing myself. Mr. J, 
Croll, Mr. J. Horne, and Mr. D. E. Irvine, have 
also obliged me with a number of glacial notes. 
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To several of my colleagues on tlie English Geolo- 
gical Survey, I have likewise to render my acknow- 
ledgments. Mr. A. H. Green furnished me with a 
long series of notes relating to the glacial deposits of 
England, which, however, the limits I had set for 
myself have not allowed me to make use of. But I 
hope my friend may himself be induced to give some 
general account of the post-tertiary deposits of 
England — a work which would be of essential service 
to the students of glacial geology. Mr. Green was 
also good enough to read over the proofs of Chapter IX., 
and to suggest a number of improvements and additions 
which I have gladly incorporated with the text. Mr. 
Etheridge examined for me several lists of shells 
from the “pliocene sands” of northern Italy, and 
his opinions and advice have been of great assistance. 
I am also indebted to Mr. Whitaker for a diagram- 
section and notes, relating to the gravels of the 
Thames valley. 

I take this opportunity of thanking those foreign 
geologists who have sent me copies of their publica- 
tions. Among these papers one by Mr. Xathorst has 
just come to hand, of which, had it arrived sooner, I 
would gladly have availed myself in the text. Mr. 
Nathorst describes certain inter-glacial deposits met 
with in Sweden and Denmark, and gives the following 
table to show their position, which I make no apology 
to glacialists for transcribing in this place : — 
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C'HAPTEE I. 

INIKODUOTOKY. 

rj^HE earlier students of the physical history of our 
earth considered that a great gap or strongly- 
defined boundary-line separated the Present from the 
Past. Some mighty convulsion of nature was believed 
to have marked the close of the geological ages, and 
to have preceded the advent of man and the introduc- 
tion of the plants and animals with which he is asso- 
ciated. It was hardly doubted that the present 
distribution of land and water over the earth’s surface 
dated back to a time anterior to the coming of our 
race, and that when man first entered Britain ho had 
to cross seas that still roll between us and the Conti- 
nent. In short, it was held that within the human 
period only a few minor changes had been ofiected in 
the physical aspect of our country. It was admitted, 
indeed, that large areas of forest-land had been dis- 
plenished, that considerable tracts of peat-moss had 
grown, and that here and there, where the coasts were 
formed of incoherent materials, the sea had made some 
inroads; but no one supposed that greater changes 
than these had transpired since the first occupation of 
Britain. 
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ivM'iiivih howtwr. A/w uvvrtunu'il umy 

t>f thcM* (»{)ini«*ns. jiikI wid«*n(*(f our viVmvs in iv^^rd to 
tho nitif^uitudo cf the jthyi'icul <’/i;juifo.s <d ii iiiVdi Jiiun 
has bf('U a witness. Xof only huvo ^tvui oscillations 
of c'limate happouod within tho Jiuinaii jxTJod, hut the 
distribution of land and sea also has nnder"on(‘ very 
considerable moditications. S('as have ■\'anished and 
retui’ned, wide areas of land have a])peared and dis- 
appefired — broad valleys have been hollowed out of 
solid rocks by rimniug water. It is from a know- 
ledge of these and similar tkets that geologists arrive 
at their estimate of the antiquity of man, and have 
assured themsehes that no mighty convulsion of 
nature separates the human period from the earlier 
ages — the dc'posits which were at one time looked 
upon as the sure evidence of such a “break in the 
succession” being now recognised as only so many 
links in the chain that binds the present to the 
past. 

The study of these deposits has unfolded a deeply 
interesting and almost romantic history. Wo aro 
introduced to scones that arc in strangest contrast to 
what now meets the eye in these latitudes: geo- 
graphical and idiysical changes of the most stupendous 
character pass before us; we see our islands and 
northern Europe at one time enveloped in snow and 
ice ; at another time well wooded, and inhabited by 
rude tribes of men and savage animals ; now the 
British Islands are united to the Continent — again, the 
sea prevails, and a large part of Britain, together with 
all the low grounds in the north of Europe, arc oyer- 
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wliclmed beiicatli tlie waters of an arctic ocean, across 
which float rafts and bergs of ice. Yet again, we 
behold the land rising slowly out of the water, and 
Britain once more becoming continental, and re- 
peopled. Finally, we follow the working of those 
physical influences by which at last the present order 
of things is broiight about. 

Those who hear of this history for the first time 
• may well be excused if they listen with some in- 
credulity. It seems difficult to understand how the 
records of such extraordinary events could be pre- 
served ; or how, having been preserved, geologists are 
able to interpret them. Yet there is really no mystery 
about the matter. Difficulties undoubtedly do arise, 
and sometimes problems suggest themselves, for which 
it is hard or even impossible at present to find a solu- 
tion. Nevertheless the whole matter resolves itself 
into a question of cireumstantial evidence. The facts 
are patent to every one who will take the trouble to 
examine them, and the interpretations adduced by 
geologists are capable of being attested by an appeal 
to what is acftially taking place in the world around 
us. In the following pages, therefore, I propose to 
give an outline-sketch of the evidence, mentioning 
only such details as may serve to bring the salient 
points clearly before the mind, and endeavouring at 
the same time to put the reader, who may chance to 
bo not specially skilled in geology, into a position to 
judge for himself as to the reasonableness of the ex- 
planations advanced. 

The earlier pages will be occupied with an acemmt 
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of the later chapters in the geological history of Scot- 
land. We shall trace out the succession of events 
that marked the origin of certain loose and incoherent 
materials which overlie the solid rocks of that country, 
and are represented by similar accumulations covering 
vast areas throughout the northern regions of our 
hemisphere. The consideration of the Scottish deposits 
will naturally lead us to inquire into the principles 
upon which they and their equivalents in other lands 
must be interpreted. We shall then describe in suc- 
cession the superficial accumulations of other portions 
of the British Islands^ of Scandinavia, of Central 
Europe, and of Korth America, for the purpose of 
ascertaining how far the conclusions an’ived at by 
geologists in different coimtiies harmonize with each 
other. Having traversed this AVido field of inquiry, 
and become aware that the deposits, Avhich were at 
one time slumped together and vaguely believed to 
represent a period of wild cataclysms and convulsions, 
are really the records of a long series of changes, 
each of which flowed as it were into the other, we 
shall Anally take up the subject of the antiquity of 
man. 

In considering this difficult but important and in- 
teresting question, it will be necessary to treat first 
of the special evidences which have been adduced by 
archmologists and geologists, to prove the great age 
of our race. Thereafter we shall endeavour to deter- 
mine what is the exact position in the geological 
history of those deposits which contain the very oldest 
of man. Our aim, in short, will be to discover. 
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if possible, at what stage ‘during those great climatal 
and geographical revolutions, which shall have pre- 
viously engaged our attention, man certainly occupied 
Britain. If we are able to determine this point, we 
shall have paved the way for eventually arriving at 
some approximately definite estimate of the antiquity 
of man in Western Europe. 



CHAPTER II. 

SUPERFICIAL FORMATIONS OF SCOTLAND. — THE TILL. 

General distribution of Superficial formatiouH -Till, the oldest member of 
the series. — How this is proved. — Character of the till. — Stones in the 
till. — Unfossiliferous character of the till. — Till developed chiefly upon 
the low-grouuds. — Its aspect in upland valleys. — “Sowbacks” or 
“drums” of till. — and tail.” — Smoothed and lm)kcn rocks 
below till. — Conficfuration of in untaiiis and hilU. — Lim's of stonf^s in 
till. — Subjacent and iiiterc.ilated beds. — Ki\suine. 

TIHROUGIIOUT the length and breadth of Scotland 
oecnr numerous scattered heaps and ragged sheets 
of sand, gravel, and coarse debris, and widespread 
deposits of clay, beneath which in many places, 
especially in the lowland districts, the solid rocks 
that form the framework of the country are in great 
measure concealed. The general character of these 
superficial heaps and gatherings must be familiar to 
every one. They appear in the scaurs and blufis 
that overhang our streams and rivers, and are often 
well-exposed by the wash of the waves along certain 
sections of the sea-eoasts. The traveller by rail can 
hardly fail to notice them as he is swept along — ^here 
capping the rocks with a few feet of sand and gi-avel, 
there thickening out so as to form the whole face of 
the cutting from top to bottom. In the numerous 
quanics with which the country is pitted the rock is 
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oommonly crowned with a more or less thick covering 
of similar materials ; while in sinking for coal and 
ironstone, and in digging foundations for houses and 
bridges, superficial accumulations of such debris no 
less frequently occur. Bricks and tiles ai*e manu- 
factured in large quantities from the beds of clay, 
and the heaps of sand and gravel, occurring as they 
often do at a great distance from the sea, are much 
in request by builders, farmers, and others. 

Ho Avidely are the supeidicial deposits distributed 
that they may be said to be common to every part 
of the country, for they ai‘e met with from Zetland to 
the Cheviots, and from the Outer Hebrides to the east 
coast. But while they occur over so Avide an area 
they arc at the same time very unequally aggregated. 
Tn the highland and iqdand districts they apj)car to 
be for the most part restricted to valleys — the craggy 
broken mountains of the north and the rounded 
SAvelling hills of the south of Scotland, showing but 
little trace of them at the higher elevations. Oacv 
the intervening Lowlands, however, they spread in 
broad but somewhat ragged sheets, Avhich are often 
continuous across wide tracts. 

The materials of which these deposits are made up 
consist principally of stony clay, fine brick-clay, silt, 
sand, gravel, and a kind of loose debris of earthy clay 
and stones. At first sight these various beds appear 
to be confusedly intermingled, add to show little 
order in the mode of their occurrence. Sometimes 
stony clay, at other times sand or gravel, overlies the 
solid rocks. Again, these deposits may bo absent 
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and a fine brick-olay, or a coarse debris of stones and 
large blocks may cumber the ground instead. But 
this confusion is only apparent — a regular succession 
does really exist. It frequently happens that in deep 
artificial excavations, or natural sections, several 
varieties ot these loose materials occur together. And 
Tvhen this is the ease we invariably find that the 
lowest-lying member of the series consists of a tough 
stony clay. Above this stony clay, or till^ as it is 
called, come beds of sand and gravel, or, as the case 
may be, a loose earthy debris of stones and large 
blocks and boulders. But in the neighbourhood of 
the sea it often happens that the first deposit resting 
immediately upon the till is fine brick-clay. Thus, 
whenever the till or stony clay appears in the same 
section with any of the other superficial deposits, it 
invariably lies at the bottom. Ilenco we conclude 
that of all these deposits the till is the oldest, since 
it must have been laid down in its present position 
before the other heaps of material could have gathered 
over its surface. 

It is only now and then, however, that the lowest- 
lying or oldest superficial accumulations are overlain 
by later formed deposits. Throughout wide districts 
stony clay alone occurs, just as in other regions heaps 
of sand and gravel form the only covering of the solid 
rocks. Yet we can have no difficulty in deciding 
as to the relative 8(ge of the beds ; for having already 
satisfied ourselves that the till constantly underlies 
the other deposits, when all occur together in one 
section, we can have no doubt that the former must 
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be the older accumulation, and that the latter, even 
when they rest directly upon rock (the stony clay 
being altogether absent from the district) must have 
been formed at a later date. A reference to the 
accompanying diagram (Fig, 1), which represents an 
ideal cutting or section, will help to rShder those 
remarks a little clearer. The figure is intended to 
give a general view of the relation of the underlying 
till to the overlying sand and gravel series. In this 
section, t S are the superficial deposits resting upon 
r r, the solid rocks. It will be observed that the 
stony clay or till, t, is distinctly covered by the sand 
and gravel /S'. At the sand and gravel repose 
directly upon the rocks ?•, the till being absent at that 
point; while at U till alone occurs. When the 
superficial formations are viewed upon the large scale 
they are invariably found to follow the order indicated. 



r 


Fig. 1. — Diagrammatic section, showing relative position of till t tx and 
overlying sand and giavel series S W. = river valley. 

It has already been mentioned that besides- sand and 
gravel various other kinds of materials sometimes 
overlie the till. To determine the relative position of 
these accumulations the same kind of reasoning 
applies. There are other methods, however, by which 
this is ascertained, but a consideration of these must 
be deferred to a subsequent page. At present our 
attention is confined to the stony clay or till. This 
deposit and the overlying beds have received one 



10 


THE GREAT ICE AGE. 


general name — ^tho Drift or Glacial formation ; and it 
is usual to speak of Lower and Upper Drift, according 
as we refer to the stony clays or the deposits above 
them. In this and the following chapter I‘ shall 
consider the character and phenomena of the Lower 
Drift, for which purpose it will be necessary to enter 
into some little detail. But these details are absolutely 
necessary if the readcT would understand clearly the 
nature of the iiroblem which a survey of the drift- 
phenomena sriggests. It would, however, lead me fur 
beyond due limits were I to attemiit to give anything 
like an exliausti\ e account of the till. All I shall try to 
do will be to gather together into a short space what 
appear to be the more salient points in the evidence, 
from an attentive consideration of which the reader 
will be able to judge for himself how for the inferences 
set forth in the sequel are justified. 

The deposit known as //7l is usually a firm, tough, 
tenacious, stony clay. So tough indeed does it often 
become that engineers would much rather excavate 
the most obdurate rocks. Hard rocks are more or 
less easily assailable with gunpowder, and the nume- 
rous joints and fissures by which they are traversed 
enable the navvies to wedge them out often in 
considerable lumps. But till has neither crack nor 
joint — ^it will not blast, and to pick it to pieces is 
a very slow and laborious process. Occasionally, 
however, the clay becomes coarser and sandier, and 
when this is the case water soaks thi’ough it. It then 
loses consistency, and is ready to “ run ” or collapse 
as soon as an excavation is made. 
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Sometimes the stones in the till are so numerous 
that hardly any matrix of clay is visible. This, 
liowevor, does not often happen. On the other hand, 
they occasionally ap2icar more sj)arsely scattered 
through the clay, which may then bo dug for brick- 
making ; but this occurs still less frequently.* As a 
rule, it is .hard to say whether the stones or the clay 
form the larger percentage of the dci)osit in a mass of 
typical till. Generally speaking, however, the stones 
are most numerous in the till of hilly districts ; while 
at the lower ]('V('ls of the eoniitrv tlx' clayey character 



Fig. 2. — Scratched st )iif (hl.K k hlialo), from the till. (B. K. Peach.) 

* My friend Mr. R. L. Jack informs me that at Port Dundas bricks are 
made out of a typical stony till, the stones being criimlied up by a nia(’hine. 
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the great ice age. 
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Fig. 3. — Scratched stone, from the till (limestone). (B. N. Peach.) 
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Figs. 4 and 5.— Scralched stones from the till. 4 Clay-iionstono, o Lime- 
Hlonc. (B. N. Poach.) 
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of the mass is upon the whole more j)roiiounccd. But 
to this there are many exceptions. 

The stones vary in size from mere grit and pebbles 
up to blocks several feet or even yards in diameter. 
These last, however, do not occur so commonly as 
smaller stones — indeed boulders above four feet in 
diameter are comparatively seldom mot with in the 
till. Stones and boulders alike are scattered higgledy- 
piggledy, pell-mell through the clay, so as to give 
to the whole deposit a highly confused and tumul- 
tuous appearance. 

There is something very peculiar about the shape 
of the stones. They are neither round and oval like 
the pebbles in river gravel or the shingle of the sea- 
shore, nor are they sharply angular like newly-fallen 
debris at the base of a cliff, although they more closely 
resemble the latter than the former. They are indeed 
angular in shajje, but the sharp comers and edges 
have invariably been smoothed away. 

Some characteristic forms are shown in the accom- 
panying illustrations (Figs. 2, 3, 4, 5) which have 
been drawn from actual specimens. Their shape, as 
will be seen, is by no means their most striking 
peculiarity. Each is smoothed, polished, and covered 
with strise or scratches, some of which are delicate 
as the lines traced by an etching needle, others deep 
and harsh as the scores made by the plough upon a 
rock. And what is also worthy of note, most of the 
scratches, coarse and fine together, seem to run parallel 
to the longer diameter of the stones, which, however, 
are scratched in many other directions as well. These 
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appearances are displayed in Figs. 3, 4, and 5. The 
distinctness of the markings depends very much upon 
the nature of the stones. Hard fine-grained rocks 
like limestone and clay ironstone have often received 
a high polish, and retain the finest striae. Figs. 3, 4, 5 
represent fragments of these. Soft and coarse-grained 
rocks, like grit and sandstone, arc not usually so well 
polished and scratched, and the same may be said of 
other easily-decomposed masses, such as granite, and 
various igneous rocks. Fig. 2 shows a fragment of 
dark carboniferous shale; it Avill bo noticed that this 
specimen is not so distinctly oblong as the others, and 
that the direction of the stria; does not coincide in 
so marked a manner with the longer axis of the stone 
— some of the more strongly pronoimeed scratches, 
however, do. Ko other aiipearances connected with 
the till are more striking than these scratchings and 
smoothings. They become to the geologist what 
hieroglyphics are to the H5gyptologist — ^the silent but 
impressive records of an ago long passed away, 
enabling him to realise the former existence in thesi' 
islands of a state of things very different indeed to 
that which now obtains. We must travel to other 
and distant lands before we can hope to appreciate 
the full significance of the “ scratches,” or realise all 
that they suggest. 

The stones which, as we have seen, occur so 
abundantly in the till consist of fragments of the 
various kinds of rock to bo met with in Scotland. 
It must not be supposed, however, that any single 
section of till will yield specimens of all these varieties. 
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On tho contrary, if w ticsired to collect from the clay 
a complete set of the Scottish rocks, we should have 
to traverse an area as wide as that occupied by those 
rocks themselves. The till, in short, is quite local 
in character, for in districts where sandstone occurs 
most abundantly, the stones in the clay likewise 
consist almost exclusively of sandstone. And, similarly, 
in regions where hard volcanic rocks prevail, the 
overlying till is invariably crowded with fragments 
of the same. !Xot only the stones, however, but also 
the colour and texture of the clay itself are influenced 
by the character of the rocks in Avhose neighbourhood 
the till occurs. Thus, in a district where the rocks 
consist chiefly of dark shales, clays, and thin sand- 
stones, with occasional seams of coal, tho overlying 
till is usually hard and tough, and its prevailing 
colour a dark dingy grey or dirty blue ; while in a 
region of red sandstoue it is tinted red or brown, 
and commonly shows a more open or sandier texture. 

Ecmains of the great woolly clei)hant, or mammoth, 
and the reindeer, and fragments of various kinds of 
trees, such as pine, birch, and oak, have occasionally 
been found in the till, in which they appear precisely 
in the same 'manner as stones or boulders; but not a 
single trace of any marine organism has yet been 
detected in true till. 

It is in the lower-lying districts of the country 
where the till appears in greatest force. "Wide areas 
of the central counties arc covered with it continuously 
to a depth varying from two or three feet up to one 
hundred feel and more. But as we follow it towards 
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the mountain regibns it liecomes thinner and more 
interrupted — ^the naked rock ever and anon peering 
through, until at last "we find only a few shreds and 
patches lying here and there in sheltered hollows 
of the hills. Throughout the Northern Highlands it 
occurs but rarely, and only in little isolated patches. 
It is not jmtil we got away from the steep rocky 
declivities and narrow glens and gorges, and enter 
upon the broader valleys that open out from the base 
of the highland mountains to the low-lying districts 
beyond, that we meet with any considerable deposits 
of stony olay. The higher districts of the Southern 
Uplands are ^most equally free from any covering of 
till. (Occasionally, however, this deposit puts in a 
bold appearance in certain hilly regions, as, for 
instance,’ in many of the valleys of Peeblesshire, 
Galloway, and the Border counties, where its aspect 
is often highly suggestive of its origin. In the 
localities referred to it frequently forms a more or 
less broad terrace, sloping gradually with the inclina- 
tion of the valley in which it occurs. Through this 
terrace a stream usually cuts a course for itself, and 
by winding from bank to bank gradually undermines 
the till, and in some cases has nearly succeeded iii 



Fig. 6. — ^Diagrammatic section across two upland valleys : < = till ; 

= stream courses ; r solid rock. 

clearing it away altogether. A transverse section 
across two such valleys is given in the diagram 

c 
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annexed (Fig. 6). The cuttings made by the streams 
are. seen at t represents the till, and r the 

underlying rocks. Fig. 7 gives a pictorial represen- 
tation of the same appearances. 



Iig 7 — Greskin Bum, Dumfiiesbhiro btieam tutting through tenact of 
tiU. (H M. Skae ) 

In the lowland districts the till never shows this 
terrace-like appearance, but rolls itself out in a series 
of broad undulations. It is especially worthy of note, 
too, that the long parallel ridges, or “ sowbacks ” and 
“ drums,” as they are termed, which arc the charac- 
teristic forms assumed by the till in broad valleys like 
those of the Tweed and the Nith, invariably coincide 
in direction with the valleys or straths in which they 
lie. A section, therefore, drawn across a till-covered 
area in the Lowlands would give the general aspect 
represented in the diagram (Fig. 8), where the ridges 
of stony clay are seen at t d. 

Throughout the midland districts a number of 
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prominent crags and bosses of rock project beyond the 
general surface of the ground in such a way as to 



Fig. 8.— Diagrammatic section across a lowland valley : td = “ sowbacks ” 
or drums;” W = river course; r solid lock. 


form conspicuous features in the landscape. Behind 
these crags the till often accumulates to a considerable 
depth. Edinburgh Castle Rock affords a good example 
of this appearance, and Arthur’s Seat is another 
instance on a larger scale. From each of these hills 
a ridge or tail proceeds with a long gentle slope, and 
similar appearances characterize the numerous isolated 
boss-Mke hills which are scattered up and down the 
Lowlands. The leading phenomena associated with 
this “ crag and tail ” arrangement are shown in the 
woodcut (Fig. 9). The “crag,” «?, itself is usually 



Fig. 9 — “ Crag and tail.” 


composed of some hard volcanic material, like basalt 
or dolerite,* which intersects softer and more yielding 
rocks, such as sandstone and shale. At the base of 
the “crag” there is not infrequently a hollow (soon 
at K) scooped out of the solid rocks. Here also the 

* The geological reader will understand that the “ crag” is not necessaiily 
formed of intruded igneous rock. The outcrop of any hard bed, that dips 
Muth accompanying softer beds at a low angle, has a tendency to produce 
” crag and tail ” when the dip happens to coincide with the direction in 
which the till has travelled. 
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till is either very thin or does not occur at all. On 
the lee-side of the “ crag,” however, it often attains a 
great thickness; but a glance at the diagram will 
show that even were the till completely stripped from 
the lee-side of the “ crag ” a notable “ tail ” would 
still remain, for the rock on the lee-side is considerably 
higher than the rock at h. The phenomena of “ crag 
and* tail ” therefore are not entirely dependent upon 
the presence of the stony clay. They may, and in point 
of fact do, exist where no till is visible. All that we 
can afiirm in regard to the part played by the latter 
in the formation of “ crag and tail ” is simply this — 
that in districts where till abounds it is usually 
heaped up on one particular side of projecting crags 
or bosses. In Edinburghshire, for example, a greater 
depth occTirs on the east than on the west side of 
prominent isolated hills. In other districts again 
it may be on the north, west, or south side where the 
till has chiefly accumulated. 

When the till is removed from the underlying 
rocks the upper surface of these almost invariably 
shows a smoothed (see Fig. 10) and often highly 



r r 

Fig. 10. —Smoothed rock surface below till. 


polished appearance, and the whole pavement is 
marked with those peculiar scratches or striee that 
form so characteristic a feature of the stones included 
in the till. But the extent to which this polishing is 
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carried depends very much upon the nature of the- 
rocks. We have seen that the most perfect! v 
smoothed and striated stones of the till consist of 
such close-grained rocks as limestone and clay 
ironstone — ^the striae upon fragments of sandstone 
being often faint and ill-defined. The same rule 
holds good in regard to the rocky pavement upon 
which the till reposes. Limestone invariably yields 
a beautifully smoothed and polished surface, and 
some other rocks, such as serpentine, receive nearly 
as fine a dressing as a lapidary’s wheel could give 
them. But soft sandstones and highly-jointed rocks 
are much less finely marked, and often show a broken 
and shattered surface below till (Figs. 11, 12). 



Fig. 11. — Broken rocks below till near Peebles, liver Tweed. 



Fig. 12.— Broken sandstone below till : neai Union Bridge, rivoi Tweed. 


The direction of the scratches, ruts, and grooves 
upon the rock-head, usually coincides with the trend 
of the valley in which the till occurs. If, for 
instance, we took the compass-bearing of a con- 
siderable valley running from cast to west, we should 
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almost certainly find that the striae pointed in the 
same direction. But this rule does not hold true for 
many of the smaller valleys of the Lowlands. In the 
Northern Highlands, however, and in the Southern 
Uplands, the striae constantly follow the same direc- 
tion as the valleys, and thus radiate from the high- 
grounds to almost every point in the compass. In 
the intervening Lowlands, their prevailing course is 
from oast and north-east to west and south-west, and 
from west to east, according as they occur in the 
western or midland and eastern districts. But a fuller 
account of these wonderful markings will be better 
appreciated when we come to discuss the origin of 
the till. 

There are few who have studied the aspect of 
Scottish hills and mountains who can have failed 
to notice that these frequently present a rounded and 
fiowing outline. Save in some of the wilder regions 
of the Highlands and western islands, there is a 
general absence of abrupt sharp peaks and ridges. 
Even the projecting masses of rock which roughen 
the fianks of our highland mountains often present 
a rounded hummocky aspect when viewed from some 
distance: and a little observation will sufl&ce to 
show that this peculiar rounded appearance is most 
.pronounced when the slopes of the rugged glens 
are scanned in a direction coinciding with the 
inclination of the valleys. Let us take as examples 
of what is meant, the well-known Glen Eosa in the 
island of Arran, or Glen Messan iu Argyllshire. As 
the observer advances up these glens he sees nothing 
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of the rounded outline referred to. The slopes of 
the mountains bristle with irregular crags and 
projecting rock-masses, amongst which we look in 
vain for any such appearance as I have tried to 
describe. And so the broken and confusedly tumbled 
rocks continue until we reach the corries at the heads 
of the glens. But no sooner do we turn to retrace 
our steps than the whole aspect of the rocky slopes 
appears to change, and even the most rugged 
projecting bosses show as if they had been rounded 
off by some force pressing over them in a direction 
down the glens. And so it is with all the other deep 
valleys and sea-lochs of the Highlands — ^the smoothed 
and rounded rocks look up the glens, the broken and 
jagged masses face down. 

In describing the till I remarked that the irregular 
manner in which the stones were scattered through 
that deposit imparted to it a confused and tumultuous 
appearance. The clay does not arrange itself in 
layers or beds but is distinctly unstratified. We 
cannot dig it with greater ease in any one direction. 
It shows no lines of division, but is a homogeneous 
mass from top to bottom. Occasionally, however, 
a layer of stones or boulders stretches horizontally 
across the clay, and not infrequently nests of sand 
and gravel and irregular lenticular beds of similar 
deposits make their appearance in some places. 

A very good example of the phenomena in question 
is seen in the accompanying sketch section (Fig. 13). 
At ^ a line of stones may be observed running along 
the face of the till; d represents earthy sand with 
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stones; c, well rounded gravel and shingle. Several 
little nests of sand are scattered here and there 
through the body of the clay, which, despite the 
presence of these and the gravel and layer of 



Fig. 13. — Line of stones in till: Glen Water, Ayrshire. 


boulders, is a perfectly unstratifled and amorphous 
mass of clay, and angular stones, scratched and 
polished. But although this is the invariable 
character of the till itself, it nevertheless contains 
here and there more or less regular beds of gravel, 
sand, silt, mud, and brick-clay, and occasionally 
similar deposits underlie the till and separate that 
deposit from the subjacent solid rocks. To the 
appearances presented by some of those intercalated 
and underlying beds I shall direct attention farther 
on, when I hope to show that they aid us greatly in 
our attempts to unravel the geological history of the 
Drift. 

Not wishing to oppress the reader with too many 
minutiffi on the very threshold of his investigations, 
I have omitted from the preceding brief account of 
the stony clay many interesting details, which, how- 
ever, will come before our attention after we have 
gained some insight into the mystery of the till 
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itself. But before proceeding to consider some of 
the theories -which have been advanced to explain 
the origin of this deposit, it may be well to 
recapitulate the principal facts brought forward in 
the preceding pages. These may be briefly stated as 
follows : — 

1. The loose accumulations of gravel, sand, clay, 
and other materials that cover so large a portion of 
(ho country, belong, for the most part, to what is 
termed the Drift or Glacial formation. 

2. This formation is divisible into at least two 
series, namely. Upper Drift and Lower Drift — ^thc 
latter being the older series of the two. 

3. The most characteristic member of the lower 
drift is a more or less tough unstratified stony clay, 
called till. 

4. The stones in this till are scattered confusedly 
through the clay, and are not arranged "with any 
reference to their relative specific gravity. 

5. They arc invariably of a blunted angular and 
subangular shape, and exhibit smoothed, polished, 
and striated surfaces. 

6. They are generally local in character, that is to 
say, the till of a sandstone district is charged chiefly 
with fragments of sandstone; and with boulders of 
volcanic rocks in a region composed for the most part 
of rocks of igneous origin. 

7. A similar connection obtains between the colour 
and texture of the clay and the prevalent character 
of the rocks: — in a red sandstone district the till 
is red and sandy ; in a coal and black shale district 
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it is of a dark dingy grey or blue, and usually 
excessively tough. 

8. Till lies thickest in the Lowlands, and thins away 
as it approaches the hills. 

9. In upland valleys it has a tendency to assume 
a terrace-like aspect, while in lowland tracts it 
shows a broad undulating surface, and is frequently 
arranged in long round-backed ridges, which are 
parallel to one another and the direction of the 
principal valley of the district. 

10. Till is often heaped up on one particular side 
of prominent hills and rocks, especially in the 
Lowlands. 

11. The pavement of rock below till is fi’equently 
smoothed, polished, and striated, more especially if 
the rock be hard and fine grained ; softer rocks, like 
sandstone and shale, and highly-jointed rocks like 
greywacke, and many igneous masses, often show a 
broken surface below till. 

12. The direction of the rock-striations coincides 
generally with the trend of the principal valleys. 

13. The hills and mountains commonly exhibit 
a more or less rounded and flowing outline — the 
rounded appearance of the crags upon a mountain- 
slope being most conspicuous to an observer looking 
down the glens. Viewed in the opposite direction, 
the rounded and smooth outline disappears. 

14. Till, while itself quite unstratified, yet shows 
an occasional lino of stones or boulders, and a few 
irregular nests and patches of sand and gravel. 
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EARLY THEORIES. — CAUSE OF GLACIER MOTION. 

Early theories accounting for origin of the till. — Debacles and waves of 
translation. — Glacier theory of Agassiz. — Iceberg theory. — ^Accumu- 
lation of snow above snow-line, how relieved. — ^Evaporation, ava- 
lanches, and glaciers. — Origin of glaciers. — Theories of Forbes and 
Tyndall. — Canon Moseley’s experiments. 

JN the infancy of the science, or, perhaps, some little 
time before that, a number of wonderful “theories 
of the earth” and “histories of creation” were 
ushered into the world, some of which continued 
to be popular long after their absurdities had been 
exposed. These curious productions gave full rein 
to the imagination ; they abounded with striking and 
often terrible pictures, and may still be read with 
a certain degree of interest. But even after geology 
had made some progress, and an appeal to nature 
was recognised as the only safe guide to the interpre- 
tation of the facts that began to accumulate, ardent 
and poetical minds were occasionally too prone to 
supply the missing links in a chain of evidence by 
drawing upon the fancy, and when no sufficient 
“natural cause” could be discerned, imagination, 
of course, was bound to supply one. The theories 
which from time to. time have been advanced in 
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explanation of the phenomena of the drift, afford 
copious illustrations of the truth of these remarks. 
It would be a great mistake, however, to suppose 
that an erroneous theory is always or even often 
wholly pernicious ; for, not infrequently, it does good 
service by warning the student into closer and more 
continuous observation, and thus opens up new 
channels of discovery which otherwise might have 
remained for a longer time unsuspected and unknown. 

To describe the different theories which have 
appeared and disappeared, ever since the superficial 
deposits began to attract the attention of geologists, 
would be a thankless and perhaps a useless task. 
One of these theories conceived that somehow and 
somewhere in the far north a series of gigantic 
waves was mysteriously propagated. These waves 
were supposed to have precipitated themselves upon 
the land, and then swept madly on over mountain 
and valley alike, carrying along with them a mighty 
burden of rocks and stones and rubbish. Such 
deluges were styled “ waves of translation,” and the 
till was believed to represent the materials which 
they hurried along with them in their wild course 
across the country. The stones and boulders as they 
rattled down one mountain’s side and up another, 
wore smoothed and scratched, and the solid rocks 
over which they careered received a similar kind 
of treatment. After the water disappeared the stones 
were found confusedly huddled together in a paste 
of clay, but occasional big blocks, often far-travelled, 
might be seen perched in lonely positions on hill- 
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tops, or tottered over hill-slopes like flocks of sheep ; 
while mounds of sand and gravel rolled themselves 
out here and there in the Lowlands. Such in a few 
words was the theory of great debacles or waves of 
translation. It was unfortunate for this theory that 
it violated at the very outset the flrst principles of 
the science, by assuming the former existence of a 
cause which there was little in nature to warrant. 
Large waves it was known had certainly been raised 
by sudden movements of the earth’s crust, and had 
several times caused great damage to seaport towns ; 
but gigantic rushes of water across a whole coimtry 
had fortunately never been experienced within the 
memory of man. The theory, indeed, had only been 
advanced in a kind of desperation, for geologists were 
quite at their wits’ end to discover any natural cause 
that would account for the peculiar phenomena of 
the drift — they could see neither rocks being 
rounded and scratched nor till being formed any- 
where — ^the causes to which these were due had 
apparently ceased to operate — and so the perplexed 
philosophers were in a manner compelled to fall back 
upon waves of translation. They did not, however, 
attempt to uphold this theory very strenuously. It 
was felt that, even granting the probability of great 
waves of translation having swept across the land, 
stiU a number of fects remained which could neither 
be accoimted for nor yet explained away. There 
was the scratching and polishing of the stones for 
instance. It seemed impossible that the stones could 
have been so dressed by running water, no matter 
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how rapidly it flowed. The stones in the bed of a 
mountain-torrent show nothing like the scratches 
so characteristic of those in the till. They are water- 
worn, truly, but the mysterious markings that streak 
the till-stones from end to end are nowhere visible. 
There was also great difficulty in conceiving how 
large fragments of rock could be carried from the 
mountains of the Highlands to the south of Scotland 
by rushes of water. The water might roll them down 
from one hill into a valley, but it could hardly push 
them up another hill, and so repeat the process often 
in a distance of many miles. Then, again, how did 
the stones come to be intermingled with fine clay — 
surely the current or wave that was sufficiently 
powerful to force along blocks of stone several feet 
in diameter, must have swept the finer matter — sand 
and clay — ^to infinitely greater distances. Thus there 
were a great many loose screws in the theory, and 
every new fact discovered threatened to make it 
collapse altogether. Day by day the great waves of 
translation became more and more apocryphal, until 
at last they ceased even to be hinted at, and sunk 
quietly to rest for ever. 

Next succeeded the glacier theory of Agassiz, of 
which more anon, and this again was followed by the 
iceberg hypothesis. The latter accounts in a natural 
way for the transport of large blocks and boulders from 
one part of the country to another. It supposes the 
land to have been submerged to a certain depth during 
the accumulation of the drift, at which time icebergs 
setting sail from the tops of the mountains, which 
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then existed as frozen islets, carried with them loads 
of earth, sand, and rook, which they scattered over 
the bed of the sea as they floated on their way to the 
south. This theory is still upheld by some geologists 
as a satisfactory explanation of the origin of the till, 
but, as I shall endeavour by-and-by to show, it does 
not discriminate between deposits which have been 
accumulated at different times and under different 
conditions. For the present, however, wc must leave 
it ; but the phenomena of icebergs and what these 
floating masses are capable of doing, will come before 
our attention in another place. 

The older observers had clearly shown that the 
agents of geological change as represented in this 
coimtry failed to supply an adequate solution to the 
enigma of the mysterious till, with its scratched stones. 
But the phenomena of glacier regions threw a new 
light on the subject. Geologists, following the lead 
of Agassiz, gradually became convinced that in 
some way or other ice had to do with the origin 
of the till; and this conviction deepened as the 
effects of glacial action became better known. I 
do not suppose that there is any one nowadays 
who has given this matter the slightest considera- 
tion without coming to a firm belief in the ice- 
origin of the till. But as regards the precise way 
in which that stony clay owes its origin to ice, there 
is still some dispute ; and what I propose now to do 
is to go through the evidence bit by bit for the pur- 
pose of ascertaining whether it is not possible to come 
to a definite conclusion. It is quite clear that no 
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theory can be considered satisfactory which does not 
explain and account for the various appearances detailed 
in the preceding chapter. No half-explanation will 
suffice; the key which we obtain must open a way 
into every obscure hole and comer ; each and every 
fact must have full recognition in the theory which 
may be ultimately adopted. Our first duty, then, 
must be to find out whether the process of dressing 
rock-surfaces and smoothing and polishing rock-frag- 
ments is now in operation, and whether at present 
any deposits like our till are being formed and accu- 
mulated. I have just said that geologists agree in 
ascribing the origin of these and other phenomena of 
the drift to glacial action. What then, let us inquire, 
is the nature of that action, and how do the appear- 
ances presented by ice-covered regions serve to explain 
the origin of the stony clay or till ? 

Every one is aware that the watery vapour which 
the heat of the sun sucks up from lake and stream and 
sea, by-and-by condenses and returns to earth. At 
certain elevations it almost invariably comes down in 
the form of snow ; at lower levels it falls as rain. It 
is customary to speak of an imaginary line, called the 
snow-line^ above which more snow falls than is melted 
or evaporated. This line rises to a great elevation in 
tropical coxmtries; but as we follow it to north and south 
it begins gradually to descend, until in the icy regions 
about the poles it drops to the level of the sea.* The 


* This is not exactly true for arctic regions. Even in the highest north 
latitudes hitherto reached, it would seem that the short summer is sufficiently 
warm to melt the snow away from the land immediately bordering on the sea. 
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line, however, is very far from forming an equal curve 
from the equator to the poles. Many circumstances 
conspire to render it most irregular and often rapidly 
imdulating. If the winds that blow across a moun- 
tainous country convey much moisture, the snow will 
descend to a lower level than it would were these 
winds less charged with moisture. Hence it fre- 
quently happens that the snow-line actually rises as it 
recedes from the equator. The Cordillera of Mendoza 
(22° S. lat.), for example, is snow-clad at a height of 
13,200 ft., while the Sierra Famatina, which is four 
degrees further to the north, shows no snow at a 
height of 14,764 ft. This difference is no doubt due 
to extensive radiation and the relative dryness of the 
atmosphere. It is for the same causes that the limit 
of permanent snow reaches a lower level on the 
southern than it does on the northern slopes of the 
Himalaya. The winds that sweep up from India are 
laden with moisture, while those that blow from the 
north have been sucked dry by the heated plains of 
Central Asia. AU. the moisture precipitated above 
the ideal line takes the form of snow ; but there are 
limits to its vertical increase — ^it does not grow in 
thickness to an indefinite extent. The hiU-tops are 
being constantly relieved of a portion of their wintry 
mantle by evaporation, and occasionally great shreds 
of this mantle suddenly drop away, and disappear down 
the steeper hill-slopes, carrying ruin and desolation 
with them when they chance to reach cultivated 
ground. But neither evaporation nor the constant 
discharge of avalanches suffices to drain the moim- 

n 
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tains of their vast reservoirs of snow. This is effected 
by a regular system of ice-rivers or glaciers. Enthu- 
siastic physicists have described these wonders of 
nature in endless volumes, memoirs, papers, and 
pamphlets, and each observer has vied with his pre- 
decessor in attempting some novel or fuUer explana- 
tion of their phenomena. One might think it a cold 
subject enough to discuss, but the records of science 
tell another story. Many a warm word, many a hot 
fight, have these ice-rivers occasioned ; and the battle 
still goes on, though less briskly now than it did some 
years ago. Even the briefest account of the various 
theories which have been advanced from time to time in 
explanation of the phenomena of glaciers would occupy 
more space than I can afford. I must therefore con- 
tent myself by merely recapitulating what appear to 
be the general results of the controversy. 

Pressure, as every schoolboy knows, will convert a 
handfal of new-fallen snow iuto a hard lump ; and if 
the pressure be sufficiently severe, the hardened snow 
will become ice. Over seemingly frail bridges of 
snow the adventurous mountaineer will traverse yawn- 
ing clefts and chasms — for the snow, trodden firmly 
down, becomes stiff and rigid. It is this property of 
snow which makes a glacier or ice-river possible. 
When snow has accumulated to a great depth, its own 
weight squeezes down its lower strata; and should 
the pressure of the overlying mass be sufficiently 
great, the under portions of the snow will eventually 
be compacted together into true ice. The passage of 
snow into ice is simultaneously carried on, but to a very 
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limited extent, by alternate thawings and freezings. 
When the sun shines upon the snow, or a warm 
wind passes over its surface, the upper layer par- 
tially melts, and the disengaged water trickles down 
drop by drop into the layers below, where it solidifies. 
Every spring and summer this process is repeated 
with the last winter’s snow, and thus partly, by 
thawing and freezing, but chiefly by pressure, the 
whole mass tends to harden into ice. 

Thus solidified and apparently rigid, one would at 
first suppose that the hardened snow or ice would be 
as immovable as the rock of the mountain upon which 
it rechned.. Wo know that a bed of tough clay will 
rest upon a very considerable slope without sliding 
downward, and even the loose stones and debris which 
cover so many hill-sides in a highland country 
find repose upon an incline of 30°. At Foumcaux 
the debris shot out from the mouth of the great Cenis 
tunnel forms a still steeper slope. Mr. Whymper tells 
us that “ its faces have as nearly as possible an angle 
of 45°.”* But ice, which is a much more rigid body 
than even the hardest clay, will move upon a slope 
that is inappreciable by the eye. And thus it happens 
that wherever snow attains a sufficient thickness to 
compress itself into ice, this ice, as the overlying mass 
continues to receive the tribute of each winter, begius 
to steal down every slope, however gentle the incline 
may be. Thus it is that in alpine countries tho 
valleys become more or less filled with streams and 
rivers of ice, which are constantly fed from the snow- 

* Scrambles amongst tlv> Alps^ p. 62. 
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fields above. The snow, packed and pressed into ice, 
gradually moves off the mountains, and the frozen 
streams thus formed collect at the head of every 
valley, down which they pour in those great solid 
masses which are known as glaciers. 

Why, then, does this hard body behave so differently 
from other solid substances ? What property does ice 
possess which enables it to creep upon slopes adown 
which only fluids and semi-fluids can move ? 

James David Forbes, whose works on glacial pheno- 
mena rank among the classics of physical science, 
came to the conclusion that the motion of a glacier 
was due to the viscous or plastic nature *of the ice, 
which moved upon a slope much in the same way as 
a substance of the consistency of treacle or tar, its 
own weight being sufiicient to urge it forward. When 
the ice wa^ exposed in the glacier to a peculiarly 
violent strain, its limited plasticity necessitated the 
formation of an infinity of minute rents, and the 
intcmally bruised surfaces were forced to slide over 
one another, still producing a quasi-fluid character in 
the motion of the whole. The same eminent physicist 
further held that reconsolidation of the bruised glacial 
substance into a coherent whole might be effected by 
pressure alone acting upon granular snow, or upon ice 
softened by immiuent thaw into a condition more 
plastic than ice of low temperature.* 

At a later date Professor Tyndall proposed a dif- 
ferent explanation of the phenomena. The lamented 
Faraday had previously pointed out that when two 

* Occasional Tapers on the Theory of Glaciers, p. xvi. 
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pieces of ice with moistened surfaces are brought 
into contact they immediately freeze together; and 
the same phenomenon took place, according to Dr. 
Tyndall, when a piece of ice (at 32°) was sub- 
jected to pressure and compelled to change its shape* 
Under such conditions the ice is broken by the pres- 
sure into fragments ; but these fragments being in 
close contact, immediately re-unite to form a solid 
mass. If this be true of small pieces of ice, it must 
be equally true of large masses ; and Dr. Tyndall 
therefore concluded that the motion of a glacier was 
due to “fracture and regelation.” Under the pres- 
sure of the superincumbent snow and ice, fissures were 
everywhere forming and closing again ; and this rup- 
turing and healing process extended to the smallest 
particles of the frozen mass. Its o^ weight crushed, 
squeezed, and pushed forward the ice, which seemed 
to flow with a viscous motion, owing simply to the 
fracture and regelation of all its particles.* 

Quite recently, however, certain interesting experi- 
ments made by the late Canon Moseley suggest some 
difficulties which are hard to overcome. He proved 
conclusively that the mere weight of a mass of ice is 
not sufficient to cause that ice to move upon a mode- 
rate slope. Forbes’ theory of viscosity, and Tyndall’s 

* A different explanation of the phenomenon of regelation under pressure 
has been given by ^Professor James Thomson, and his brother, Sir William 
Thomson. These physicists ascribe the consolidation of the ice crushed in a 
mould under Bramah’s press to simultaneous liquefaction, vrhich commences 
at every point of the interior of the ice to which the pressure extends, and to 
subsequent solidification when the pressure is removed, l^roccedings of tite 
Moyal Society of Loiidony 1857, 1858. See also Professor Tait’s remarks in 
Life and Letters of Principal Forbes. 
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theory of fracture and regelation, alike imply that ice 
descends a slope by virtue of its weight alone. But if 
ice always remains throughout its entire mass a solid 
body, it is evident, as Canon Moseley has shown, that 
the resistance offered by the ice cannot possibly bo 
overcome by the mere weight of the mass. Besides 
the weight there must be some other force pushing 
the ice forward. A substance of the consistence of 
clay, which is a much less rigid body than ice, will 
nevertheless remain perfectly iuert upon a slope adown 
which ice would move with the greatest ease. The clay 
cannot descend by gravitation, and if ice were the solid 
mass which it is commonly supposed to be, it would be 
just as impossible for it as for a mass of clay to descend 
a slight incline by gravitation. Yet we know that ice, 
hard and brittle though it be, does nevertheless move 
upon such a slope. This movement, however, is not 
effected by the sliding of the ice over its bed ; a glacier 
does not slip down its valley as a disengaged slate or 
slab of stone would slide off the roof of a house. “ All 
the parts of a glacier,” as Canon Moseley has remarked, 
“ do not descend with a common motion ; it moves faster 
at its surface than deeper down, and at the centre of its 
surface than at its edges. It does not only come down 
bodily, but with different motions of its different parts ; 
so that, if a transverse section were made through it, 
the ice would be found to be moving differently at 
every point of that section There is a con- 

stant displacement of the particles of the ice over one 
another and alongside one another, to which is opposed 
that force of resistance which is known in mechanics 
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as shearing-force.'^ Now the question comes to he, 
what power is it that compels the ice-particles so to 
move ? The motion of fluids and semi-fluids upon a 
slope is undoubtedly due to gravitation; can the 
movement of a glacier he owing to the same cause ? 
If so, then how and in what manner can the glacier 
assume the properties of a fluid ? 

Mr. J. Croll has suggested an explanation of the 
difficulty, which is so ingenious, and appears to me so 
suggestive, that I cannot deny myself the pleasure of 
attempting to describe it, which I shall proceed to do 
in the following chapter. 



CHAPTEK IV. 

ME. J. CEOLL’s THEOEY OP GLACIEE MOTION. — ^ASPECT 
OP AN ALPINE GLACIEE. 

Heat capable of being transmitted through ice. — ^Temperature of glaciers. — 
Motion of ice molecules in a glacier. — Regelation. — ^Alpine glaciers. — 
River-like character of glaciers. — Crevasses.— Si/iO of glaciers. — 
Character of the rock- surface and stones below a glacier. — Glacial 
rivers.— Moraines. — Waste of mountains. 

T^ATEK in the act of freezing gives out heat, and 
while passing into the solid state expands; so 
that ice occupies, weight for weight, a greater space 
than water. On the other hand, when ice melts it 
absorbs heat, and upon becoming water takes up less 
room than it did in the crystallized or solid state. 
Bearing this in mind, let us suppose that the sun 
shines upon a glacier, and imparts to its surface a 
certain amount of heat. The application of this heat 
will not and cannot possibly raise the temperature of 
the ice (taking that temperature at 32°), but its im- 
mediate consequence will bo to melt or turn a certain 
portion of the ice into water. When this is done, a 
fresh surface of ice will of course be exposed to the 
same action, and were the process to be continued long 
enough it is obvious that the glacier would by-and-by 
disappear altogether. But as soon as the sun ceases 
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to shine upon a glacier, the water which has been set 
free will freeze again. Meanwhile, however, it will 
have shifted its position. The force of gravity com- 
pelled it while in the liquid state to flow from a 
higher to a lower level ; and now, when it becomes 
ice once more, it necessarily rests at some distance 
below its former position. But what is true of the 
surface of a glacier must also to some extent be true 
of every portion of the frozen mass. 

We know that heat can be transmitted through a 
slab of ice at 32 °, and yet the ice as a mass will still 
continue solid. This curious result is thus explained. 
When heat is applied to the surface of the slab it 
cannot by any possibility raise the temperature of the 
ice. The molecules at the surface merely pass from 
the solid or crystalline state into the fluid condition. 
The heat is therefore converted into a certain amount 
of energy which enables the molecules to overcome 
their tendency to assume the crystalline form. The 
moment the molecules are allowed to crystallize they 
give back in the form of heat the energy which had 
forced them asunder ; or, to put it more simply, heat is 
given out in the act of freezing. The same process is 
repeated with the next adjoining molecules. No 
sooner have their neighbours resruned the crystalline 
condition, than the heat given out instantaneously 
attacks the others, and forces them to melt. “ That 
peculiar form of motion or energy called heat dis- 
appears in forcing the particles of the crystalline mole- 
cule separate, and for the time being exists in the 
form of a tendency in the separated particles to come 
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together again. But it must be observed that although 
the crystalline molecule when it is acting as a con- 
ductor takes on energy under this form from the 
heated body, yet it only exists in the molecule xinder 
such a form during the moment of transmission — ^that 
is to say, the molecule is melted, but only for the 
moment. When b accepts of the energy from a, the 
molecule a instantly assumes the crystalline form, b 
is now melted, and when c accepts of the energy from 
B, then B also in turn assumes the solid state. 
This process goes on from molecule to molecule, 
till the energy is transmitted through to the op- 
posite side, and the ice is left in its original solid 
state.”* 

Such are the phenomena that take place during the 
transmission of heat through ice. Let us now see 
what light they throw on the origin of the motion of 
glaciers. 

The numerous experiments made by Agassiz lead to 
the conclusion that the ice of glaciers has a compara- 
tively high temperature. He found, for example, that 
in a hole sunk to a depth of 200 ft. in solid ice, the 
thermometer gave an average temperature of 31° 24' 
Fahr. In winter-time, however, the thermometer 
marked 28° 24' Fahr. This, however, appears to 
have been a somewhat exceptional temperature. At 
all events the experiments clearly proved that in 
winter the ice at the heart of a glacier is not nearly 
so cold as the external atmosphere, while in sununer 

♦ “On the Physical Cause of the Motion of Glaciers/’ Fhilosophieal 
Magazine^ March, 1869, and Sept, 1870. 



GLACIER MOTION. 


43 


the mass of the glacier possesses as near as may he a 
temperature of 32“ Fahr. 

The heat that acts upon a glacier comes from 
various sources. There is first the heat received 
directly from the sun ; then, in spring and summer 
warm winds will sometimes blow across it, and mild 
rains will fall upon its surface. Again, there is the 
heat of the rocky cradle in which it lies, and, not 
least, that which is derived from the friction of the 
ice and stones upon its bed as the glacier slowly 
creeps away. In summer-time the numerous small 
cracks and fissures that penetrate the ice in all direc- 
tions are filled with water which has trickled down 
from the surface. In this manner heat is rapidly 
conveyed from one portion of the glacier to another. 
And just as we found that heat when applied to a slab 
of ice at 32® will be transmitted through that slab 
without the ice as a mass changing its condition ; so 
must heat in the same way pass from the various 
sources mentioned right through the solid ice of the 
glacier. But in doing so it will compel the icy mass 
to change its position. When a molecule of glacier 
ice. A, has momentarily melted owing to the reception 
of energy in the form of heat, it will by virtue of its 
fiuidity tend to move downwards, but the instant that 
it res um es the solid state the heat evolved will imme- 
diately attack the molecule behind it, b. This mole- 
cule will then melt and contract in bulk, and will 
descend by its own gravity until it stops against a. 
Here then it will freeze again. But as a now occupies 
a lower level than it did before the heat dissolved it. 
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so B in like manner solidifies a little below its former 
position. The heat emitted by b at the moment of 
its passing into ice is next transmitted to c, whereupon 
the same changes ensue as before, and so on through- 
out the entire mass. Thus, while acting as conductors 
of heat, each individual molecule of ice is compelled 
by the force of gravity to move from a higher to a 
lower level. The result of this general molecular 
motion is that the whole body of a glacier moves 
gradually downwards, impelled by gravitation, in the 
same way as fluids and semifluids are urged forwards 
upon a slope. As a hard and brittle body, ice could 
not possibly flow — ^its own weight would be quite 
unable to compel the particles of ice to lose their co- 
hesion. It is the transmission of heat through a glacier 
which by momentarily converting each atom of its 
substance into water renders motion possible. Could 
heat be entirely withdrawn the motion of a glacier 
would be at once arrested, and the ice would remain 
as inert and immovable a body as any other substance 
equally hard and unyielding. 

Heat is thus the great lever which forces the hard 
masses of compacted snow and ice from higher to 
lower levels, and relieves the mountains of their loads 
of frozen water. If it were not for that peculiar 
property of ice which enables it to behave in many 
respects like a viscous or semifluid body, all the waters 
of the earth, the myriad rivers, and lakes, and seas, 
would gradually be lifted up by the heat of the stm, 
and carried on the wings of the wind to the mountains, 
there to accumulate in vast and constantly growing 
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masses until ocean and all its feeders had been 
exhausted. But the heat of the sun which, falling 
upon clay, sand, or solid rock, merely raises the 
temperature without changing the condition of these 
masses, pulses through the great piles of ice that 
cumber the higher elevations of Alpine countries. The 
temperature of the ice itself cannot rise, but every 
atom of its bulk is set in motion, and slowly and 
gradually the solid heaps creep down hill-slope and 
valley, their progress being accelerated or retarded 
according to the degree of heat acting upon and 
passing through them. It is thus that during day 
the downward motion of the ice is less sluggish thau 
at night ; and for the same reason a glacier in summer- 
time moves more quickly on its way than in winter, 
when its motion is exceedingly slow, sometimes not 
reaching to half the summer rate. 

The motion of ice, then, being duo to the trans- 
mission of heat, which, by momentarily converting 
into water each molecule or atom of the frozen mass 
in succession, allows these to descend by gravitation, 
it is quite evident that a body of ice will move down 
any slope, however gentle tho inclination may be. 
Its motion is precisely that of running water, and 
hence we need not be surprised to find it stealing 
slowly down inclinations which are so slight as to 
appear to the eye like level plains. 

But it may be asked how it happens that a body 
built up of atoms which are constantly passing from 
the solid to the liquid state, and vice versa., nevertheless 
retains an unvarying hard and brittle condition. This 
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is due to the property of regelation. When two 
fragments of ice at 32 ° are brought into contact, they 
instantly unite, as we have already seen, so as to form 
one solid piece. What is thus true of ice in the mass 
is equally true of its most minute atoms. Whenever 
these impinge upon one another they immediately 
freeze firmly together. No sooner does a molecule, 
which has momentarily melted, resume the solid state 
than it immediately unites to the other solid particles 
by which it is surrounded ; hence the continuity of 
the whole is preserved, and throughout its entire bulk 
the ice remains a solid body. Such is the ingenious 
theory advanced by Mr. Croll. 

We have now learned what are the means which 
Nature adopts to prevent the increase of snow to an 
indefinite extent upon the mountains. The under 
portions of the frozen heaps are gradually squeezed by 
the superincumbent masses into ice, and this ice 
thereupon begins to creep outwards and downwards. 
At the head of an alpine valley streams of ice collect 
from the contiguous slopes, and, becoming welded 
together into one mass, creep down the bottom of the 
valley, forming a glacier or ice river. It depends 
upon the size of a glacier, whether its journey is to 
be a long or short one. Often the ice reaches many 
thousand feet below the limits of permanent snow, 
amongst which it takes its birth. But sooner or later 
its progress is at last arrested by the increasing 
temperature, which melts the ice away as fast as it 
comes down. 

In its course from the regions of perennial snows 



GLACIER MOTION. 


47 


down to where it is cut off by the increasing warmth 
the glacier has many analogies with a stream or river 
of water. The velocity of a river varies according to 
the inclination of the valley down which it flows, 
and this it would seem is equally true of glaciers. 
When the course of a river is rocky and falls rapidly, 
its waters are broken, and hurry on tumultuously. 
In like manner, a glacier that makes its way along 
rough and rocky valleys shows a broken and tumbled 
surface. There are waterfalls and ice-cataracts. 
Again it is known that rivers flow more swiftly at the 
surface and the middle than they do at the bottom 
and sides, where the water is retarded by Motion : 
the same is the case with glaciers. The thread of a 
river’s current moves from right to left of a medial 
line according as the river winds from one side of the 
valley to the other ; the ioy current of a glacier follows 
the same direction. Hay, we may carry the parallel 
yet further, for the twigs and branches and trunks of 
trees which drop iato a river and float upon its bosom 
are represented in alpine valleys by the blocks and 
stones and debris which fall upon a glacier from crag 
and cliff, and are borne upon its surface down the 
valley. From its river-like character and the wonder- 
ful manner in which it accommodates itself to the form 
of a valley, narrowing when that contracts to a gorge, 
and expanding when the valley again widens out, it 
is no wonder that many eminent physicists have 
maintained that ice is a viscous body, and not the 
hard and brittle substance that it seems. When, 
owing to the nature of its bed, the glacier becomes 
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subjected to strain or tension, however, it is always 
more or less seamed with gaping cracks or clefts 
which descend to a great depth in the ice. These 
crevasses, as they are called, have imdoubtedly been 
produced by the snapping of the ice, owing to its in- 
ability to resist strain or tension by stretching out. 
The beginning of a crevasse is often notified by a loud 
report — ^the rupturing of the ice. At first the crack 
may be only wide enough to admit the edge of a 
knife, but it gradually opens, tmtil fi’equently it 
yawns into a wide impassable chasm. The origin of 
these crevasses is due to the unequal or difierential 
motion of the ice — ^the glacier moving faster at the 
surface and the centre than it does at the bottom and 
the sides, and thus bringing tension into play. Many 
fissures and crevasses also are caused by the inequali- 
ties of the bed over which the glacier flows, for the 
bottom of a valley does not always, or even often, 
slope at the same angle throughout: some portions 
incline more rapidly than others. Now the ice when 
it reaches in its downward progress the edge of one 
of these steeper inclines will naturally tend to move 
more quickly, and to drag forward the ice behind it. 
At this point then a state of tension is brought about, 
to which the ice can only yield by snapping astmder. 
When, afterwards, the ice arrives at a gentler and 
more equal slope, its motion is at once checked, the 
gaping crevasses begin to close up, and by-and-by 
disappear altogether, imtil finally, under the influence 
of regelation, the ice becomes solid as before. Thus in 
its course from the snow-fields to its termination the 
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ice is being continually broken by mechanical strain, 
and just as constantly these breakages are being re- 
paired by the regelation or freezing together again of 
the broken faces. 

Glaciers, like rivers, are of all sizes. Many have a 
depth of several hundred feet, and some in polar 
regions are probably not less than 3,000 or even 
5,000 ft. in thickness. It may easUy be conceived 
that the pressure of such enormous masses of ice must 
have a prodigious effect. When a glacier advances 
beyond its usual limits everything goes down before 
it ; loose soils and debris are pushed forward, and the 
strongest and thickest trees are overborne just as if they 
were so many straws. But striking as these examples 
of the irresistible force of a glacier may be, the destruc- 
tive and overwhelming power of ice in motion becomes 
still more noteworthy when the rocks over which a gla- 
cier passes are examined. This may be done in summer- 
time, when the glaciers shrink from the sides of their 
valleys. Creeping in below the ice, which it is often 
possible to do for some little distance, we find the 
rocks finely smoothed and polished, and showing long 
striae and ruts, that run parallel to the course 
followed by the glacier. If we pick out some of the 
stones that arc sure to be scattered about below the 
ice we shall find that many are smoothed, polished, 
and striated in the same manner as the surface of the 
rock itself. All this is the work of the glacier. 
The rocky precipices and mountains that hem in a 
glacier are always splitting up under the influence of 
frost, and tons of rook and rubbish are continually 

£ 
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rolling down and gathering upon the surface of the 
ice below. Much of this debris falls into crevasses, 
and must no doubt frequently reach the bottom of the 
ice. The stones then get jammed into the frozen mass, 
and are pressed against the underlying rock-head with 
all the weight of the superincumbent glacier. Graving 
tools must also be supplied to the glacier by the 
wrenching of fragments from its own rocky bed. 
These and the stones received from the crevasses, 
thus firmly held in the grasp of the ice, become 
potent agents in grinding and scratching the pave- 
ment over which they are forced, while the smaller 
stones and sand and mud that result from the grinding 
process, complete the smoothing and polishing of the 
glacier’s bed. Could the glacier be removed, we 
should find the whole bottom of the valley smoothed 
and polished, and streaked with long parallel ruts. 
Every high projecting boss would be rounded and 
dressed on the side that looked up the valley ; while 
the rock on the lee side, sheltered from the attack of 
ice-plough, and chisel, and graver, would retain all 
its roughnesses. Smaller and less abrupt knobs of rock 
would be roxmded and polished all over, and every 
dimple and hollow would be similarly smoothed and 
dressed. 

The finer-grained materials employed by the ice in 
polishing its bed, the impalpable mud and silt, are 
carried out from beneath by the stream that issues at 
the foot of the glacier. In this manner almost all 
glacier rivers have imparted to them a turbid appear- 
ance, the colour of the water depending upon that of 
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the sediment which it holds in suspension. The 
water may thus he bluish or milky, yellow or dark 
grey. The stones employed by the glacier in 
grinding and graving its rocky bed are themselves 
ground and engraved, and numbers of such smoothed, 
polished, and striated fragments are pushed out at the 
foot of the glacier. But they here become inter- 
mingled with the vast heaps of d6bris which have 
been discharged from the mountains and brought 
down upon the surface of the slowly moving ice. 

These heaps are called moraines. They are com- 
posed for the most part of rough, unpolished, angular 
fragments of all sizes, from mere sand and grit up 
to blocks many tons in weight. As might be expected, 
they show no trace of ary arrangement into beds or 
layers — ^large and small stones, huge blocks and angular 
gravel, grit and boulders, are all confusedly mixed 
together. The moraines arc not scattered irregularly 
over the whole surface of the ice, save when the 
glacier is very narrow, but gather chiefly upon the 
sides, at the base of the mountain-slopes. The glacier 
in this manner becomes fringed from its origin to its 
termination with long mounds or bands of debris, 
which are constantly dropping over the end of the ice, 
and adding to the immense piles of rubbish collected 
there. These latter are the terminal moraines^ those 
fringing the sides of the glacier being its lateral 
moraines. Some terminal moraines aftain a great 
size, forming mounds of debris several hundred feet in 
height. 

One may see from the size of the moraines how 
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great must be the waste of the mountains. In all 
moimtainous regions, indeed, the action of frost upon 



Fig 14 — Alpine Glitui (II M bkae ) 


the rocks becomes abundantly evident. Even in our 
own country the tops and slopes of our higher hilla 
are often buried to a great depth with the debris 
which alternate freezings and thawings have wrenched 
from the solid rocks. In high latitudes the exposed 
rocks are almost everywhere broken up in this way. 
Von Baer found the hills on the west coast of Nova 
Zembla literally covered with their own wreek — no 
rock, however hard or fine-grained, being able to 
withstand the summer moisture and intense winter 
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frost of that desolate country. Mr. Xennan also, in 
his lively-written “Tent Life in Siberia,” teUs us 
how, upon crossing the mountains of Kamchatka, he 
found the table-land and hill-tops crowded with great 
square and angular blocks and slabs of rock, which 
looked for all the world as if they had rained from 
the skies ! They were undoubtedly the ruins of the 
solid rock which they covered and concealed, and had 
been detached by frost acting along the natural joints 
and fissures. In alpine countries this wrecking of 
the mountains goes on chiefiy by day, and in summer- 
time. During night, and at early mom, dead silence 
reigns among the snowy peaks : no streams are heard, 
no water trickles over the surface of the ice; but 
when the power of the sun begins to bo felt, then 
the noise of water running, leaping, and falling 
grows upon the ear ; soon the glaciers are washed by 
numberless little streams ; great avalanches, wreathed 
in snow-smoke, rush downwards with a roar like 
thunder ; masses of rock wedged out by the frost of 
the previous night arc now loosened by the sun, and 
dash headlong down the precipices, while long trains 
of debris hurry after them, and are scattered far and 
wide in wild confusion along the flanks of the 
glaciers. 

It is not necessary at the present stage of our 
inquiry to dwell longer upon the geological phenomena 
of alpine glaciers. Some additional details will be 
referred to and described when we come to consider 
the history of the Upper Drifts. 
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Xyn have now acquired some knowledge of facts 
that bear upon the origin of the Scottish till, but 
we shall gather yet further aid in our attempts to 
decipher the history of that deposit by taking a peep 
at some arctic country. For this purpose we cannot 
do better than select ice-covered Greenland. That 
desolate region of the far north, despite the bleak 
and barren aspect of its coasts, and the horrors of 
the ice-choked seas that must be traversed to reach 
its more northern shores, has nevertheless been 
frequently visited by daring navigators, who have 
pushed their investigations many hundred miles north 
of the Danish settlements. The accounts which they 
give are chiefly taken up with descriptions of the 
wild ice-boimd coast of Greenland, few attempts 
having been made to ^i0tia^^into the interior. 
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But that cannot be said to be altogether ^a terra 
incognita, for, although it has never been, and 
probably never will be, traversed, yet enough is 
known to leave us in little doubt as to the general 
character of these unvisited desolations. 

The western shores of Greenland have been traced 
northwards from Cape Farewell in the latitude of the 
Shetland Islands, to beyond the 80th parallel. The 
eastern and north-eastern coasts have not been so 
continuously followed, but our knowledge of these 
has been considerably increased during recent years, 
thanks to the exertions of German and Swedish geo- 
graphers. The superficial area of Greenland cannot 
be less than 750,000 square miles, so that the country 
is almost continental in its dimensions. Of this great 
region, only a little strip extending to 74° north lat. 
along the western shore is sparsely colonised — ^all 
the rest is a bleak wilderness of snow and ice and 
rock. 

The coasts are deeply indented with numerous 
bays and fiords or firths, which, when traced inland, 
are almost invariably found to terminate against 
glaciers. Thick ice frequently appears, too, crowning 
the exposed sea-cliffs, from the edges of which it 
droops in thick tongue-like and stalactitio projections, 
ixntil its own weight forces it to break away and 
topple down the precipices into the sea. The whole 
interior of the country, indeed, would appear to be 
buried imdemeath a great depth of snow and ice, 
which levels up the valleys and sweeps over the hills. 
The few daring men /wi^o^ve tried to penetrate a 
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little "Wtiy inland from the coast, describe the scene 
as desolate in the extreme — far as eye can reach 
nothing save one dead dreary expanse of ■white. No 
living creature frequents this 'vrildemess — ^neither 
bird, nor beast, nor insect — not even a solitary moss 
or lichen can be seen. Over everything broods a 
silence deep as death, broken only when the roaring 
storm arises to sweep before it the pitiless blinding 
snow. 

But even in the silent and pathless desolations 
of central Greenland the forces of nature are con- 
tinuously at work. The vast masses of snow and 
ice that seem to "wrap the hills and valleys as with 
an everlasting garment, are nevertheless constantly 
wearing away, and being just as continuously re- 
paired. The peculiar properties of ice that prevent 
it accumulating upon the land to an indefinite degree, 
are just as characteristic of the snow-fields of Green- 
land as of those of alpine countries. Fast as the 
snows deepen and harden into ice upon the bleak 
wilds of Greenland, that ice creeps away to the 
coast, and thus from the frozen reservoirs of the 
interior, innumerable glaciers pour themselves do-vm 
every fiord and opening to the sea. Only a narrow 
strip of land along the coast-line is left uncovered by 
the permanent snow-field or mer de glace — all else is 
snow and ice. 

Some of the glaciers attain a vast size. The great 
Humboldt glacier is said by its discoverer. Dr. Hane, 
to have a breadth of 60 miles at its termination. 
Its seaward face rises abruptly from the level of the 
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water to a height of 300 feet, but to what depth 
it descends is not known. Other glaciers of large 
size occur frequently along the whole extent of the 
north-western shores of Greenland. Among these is 
that of Eisblink, south of Goodhaab, which projects 
seaward so as to form a promontory some thirteen 
miles in length. This immense glacier flows from 
an unknown distance in the interior, and buries its 
face to a great depth in the sea. A submarine bank 
of debris forms a kind of semicircle some little way 
in front of it, and may owe its origin, in part, to the 
stream that issues from underneath the glacier, but, 
as we shall see presently, a bank would necessarily 
gather in the same place, even although no water 
whatever circulated below the ice. 

I have already remarked that the Greenland 
glaciers discharge into the sea by fiords and indenta- 
tions of the coast. If the ice-filled fiords could be 
cleared out, we should find that these arms of the 
sea would occupy deep hollows, continuous with 
long valleys stretching into the heart of the country. 
The west coasts of Scotland and Norway afford 
excellent examples of the kind of scenery that 
Greenland would present were its fiords and vaUeys 
to be freed of ice. In Scotland the fiord valleys are 
watered by streams shed from the hills of the 
interior, but in not a few of the Norwegian valleys, 
the streams that enter the fiords, when followed up, 
are found to issue from glaciers. In North Greenland, 
however, the ico generally fills up the whole valley, 
and pushes forward into the sea. Only in a few 
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cases do the glaciers terminate inland and thus give 
rise to rivers. Yet even when they enter the sea, 
fresh water contiaues to escape from underneath the 
ice, discolouring the sea with the sediment which 
it sweeps out along with it, and even to some extent 
diminishing its saltness. 

Many arctic glaciers are so thick and massive 
that they glide boldly on over the bed of the sea, 
and thus displace the water often for many miles. 
Instead of the deep fiords being filled with sea- water, 
as is the case in Scotland and Norway, they are 
occupied entirely by ice. "When the glacier in its 
downward progress first entered the sea at the head 
of a fiord, it must have towered for many hundred 
feet above the level of the water. But as it con- 
tinued on its course, and crept onward over the 
deepening bed of the fiord, it gradually buried its 
lofty face in the waves, imtil, when it reached the 
lower end of the fiord and entered the open sea, 
its front rose only a little height above the reach 
of the tides. Thus, the sloping platform of ice that 
faces the sea, however lofty it may be, must bear 
only a small proportion to the much greater thickness 
of ice concealed below. 

It is well known that ice is not by any means 
so heavy as water, but readily floats upon its surface. 
Consequently, whenever a glacier enters the sea, the 
dense salt water tends to buoy it up. But the great 
tenacity of the frozen mass enables it to resist the 
pressure for a time. By-and-by, however, as the 
glacier reaches deeper water, its cohesion is overcome, 
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and large segments are forced from its terminal front 
and floated up from the bed of the sea to sail away 
as icebergs. As there is considerable misapprehension 
about the formation of icebergs, it is necessary to 
look a little more closely at the facts, because, as we 
shall afterwards see, they have a strong bearing on 
the origin of the Scottish till. Some have supposed 
that the whole mass of the glacier, after it has entered 
the sea for some little distance, becomes buoyed up, 
retaining at the same time its continuity with the land- 
ward portion of the ice or mer de glace. But from 
what has already been explained regarding the total 
inability of ice to yield to mechanical strain in any 
other way save by breaking, it becomes obvious that 
the seaward portion of an arctic glacier cannot by 
any possibility be floated up without sundering its 
connection with the frozen mass behind. So long 
as the bulk of the glacier much exceeds the depth 
of the sea, the ice will of course rest upon the bed of 
the flord or bay without being subjected to any 
strain or tension. But when the glacier creeps 
outwards to greater depths, then the superior specific 
gravity of the sea- water will tend to press the ice 
upward. That ice, however, is a hard, continuous 
mass, with sufficient cohesion to oppose for a time 
this pressure, and hence the glacier crawls on to a 
depth far below the point at which, had it been free, 
it would have risen to the surface and floated. If 
at this great depth the whole mass of the glacier 
could bo buoyed up without breaking off, it would 
certainly go to prove that the ice of arctic regions. 
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unlike ice anywhere else, had the property of yielding 
to mechanical strain without rupturiug. But tho 
great tension to which it is subjected takes effect 
in the usual way, and the ice yields, not by bending 
and stretching, but by breaking. The diagram 
(Fig. 16) will give a clearer notion of the relation 



Fig. 15. — Greenland glacier shedding an iceberg. 


which an arctic glacier bears to its rocky bed and 
the sea which it displaces. Let s represent the 
level of tho sea. The glacier enters the sea and 
creeps on until it reaches a point t, at which the 
pressure of the water overcomes the cohesion of tho 
ice, and forces off a large segment from the front 
of the glacier. This segment then floats away as an 
iceberg i, with probably some stones frozen into its 
bottom. The debris imderlying the ice will now be 
partially exposed at b — ^the place formerly occupied 
by the iceberg. After a time the glacier will again 
advance to t, pushing before it some portion of the 
debris seen at b. By the successive shedding of 
icebergs and tho continuous advance of the glacier, 
a mound of rubbish will tend to collect at m — ^the 
materials of which will probably be partially arranged 
by tides and any streams of fresh water that may 
happen to issue fi’om the bottom of the glacier. 



GREENLAND: ITS GLACIAL ASPECT. 6i 


A few stones may occasionally remain frozen into 
the bottom of the detached icebergs, but it is evi- 
dent that the greater portion of the sub-glacial 
deposit must remain upon the bottom of the sea. 
The existence of such frontal or terminal sub- 
marine moraines is not merely hypothetical. They 
are well known to occur — ^the Tallert Bank in 
front of the glacier of Eisblink being a very good 
example. 

Thus, from its origin in the “central silence” of 
Greenland, to its termination in the sea, the glacier 
clings pertinaciously to its bed. It nowhere floats so 
as to allow the sea to get in below, but when the 
pressure of the water becomes too much for it, 
immense fragments break away, and rise to the 
surface, causing the sea sometimes to “boil like a 
pot.” 

But before attempting to describe the phenomena 
connected with floating ice, I have still to glance 
at some of the appearances exhibited by the ice upon 
the land. 

In general appearance the glaciers of Greenland 
do not differ, save in size, from those of other 
countries. When the bed of an arctic glacier is 
rough and irregular, the ice becomes intensely broken 
and crevassed, just as we saw was the case with the 
smaller ice-rivers of the Alps. The arctic glaciers 
are also in summer-time washed by innumerable 
streamlets due to the melting of the ice; it is only 
occasionally, however, that any scattered stones and 
debris appear upon their surface. This is owing to 
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the fact that the whole interior of the country is 
so effectually concealed beneath its coat of snow 
and ice that no bare rocky slopes from which 
fragments might be detached are left exposed to the 
action of the frost. All the inland Talleys appear 
to be filled up and levelled to the tops of the hills, 
only the extreme tips of which appear here and there 
above the bleak wastes of the mer de glace. Hence 
there is well-nigh a total absence of those long trains 
of debris* that thunder down the steeps of the alpine 
mountains, and gather in heaps along the sides of 
the glaciers. It is not until the glaciers of Green- 
land descend to the sea-coast, where the cliffs and 
mountains that overlook them are more exposed 
to the action of the weather, that they begin to 
receive a goodly tribute of blocks and boulders. 
But the fiord valleys in which the glaciers lie, are 
in general so broad, that vast expanses of ice show 
no speck of stone or dust — ^it is only hero and there 
along their fianks that some bare cliff is able to 
shower down upon them a heap of frost-riven debris. 
The greatest apparent waste of rocks takes place 
upon the exposed sea-coasts, where the frost has full 
freedom to split up the crags and hurl them down- 
wards. But when we think of the immense extent 
of the glacier system of Greenland, and how in the 
interior every hill is covered and every valley filled 
to overfiowing with a moving sea of snow and ice, we 

♦ Dr. Kink obtained firom the top of a mountain at Upemavik, a good view 
into the interior of Greenland, and saw lines of stones dotting the surface of 
the ice as far as eye could reach ; from which he inferred that still farther to 
the east there must be bare cliffs or precipices rising above the mer de glace. 
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can hardly overestimate the tremendous tear and 
■wear to which the buried country must be subjected. 
We have seen what eflfect the small glaciers of the 
Alps have in smoothing and scoring the rocks of 
Switzerland, and underneath the ice of Greenland 
similar grinding, and scratching, and polishing must 
be taking place. Eough crags and sharp projecting 
bosses of rock will have all their asperities removed ; 
the tops and sides of mountains will be smoothed 
and dressed, nor can we doubt that valleys will 
be gradually deepened, and heaps of striated and 
polished stones will accumulate and be dragged on 
underneath those mighty ice-rivers which are ever 
slowly making their way from the interior to the 
sea. 

But all the glaciers of Greenland do not reach the 
sea. Some even terminate at a distance of many 
miles from the coast. From the foot of such glaciers 
streams of water issue and flow all the year round. 
In some cases these streams unite so as to form 
considerable rivers, one of which, after a course of 
forty miles, enters the sea with a mouth nearly 
three-fourths of a mile in breadth. Dr. Kane, who 
discovered and named this river the Mary Mintum 
Eiver, seems to have been much impressed with 
the appearance of such a body of fresh water flowing 
freely at a time when the outside sea was thickly 
covered with ice. It is highly probable, however, 
that water circulates to some extent below every 
glacier. The intense cold of an arctic ■winter pene- 
trates to only a comparatively little distance from 
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the surface of the ground. If it were otherwise — if 
the "winter temperature of North Greenland could 
penetrate to any depth," it is clear that not a drop 
of water in any of its vaUeys would be permitted to 
remain in the liquid state, and the short summer 
would bo unable to set free any considerable portion 
of the frost-bound water. It is well kno"wn, however, 
that upon diggiug down through the snow to the 
underlying soil, the temperatxu'e of the latter is found 
to be considerably higher than that of the external 
atmosphere. Snow and ice are bad conductors of 
heat, and thus the warmth imparted to the ground 
in summer is never entirely dissipated, but im- 
prisoned, as it were, by the investiug sheet of snow. 
In like manner, the rocks that are permanently 
concealed under the mer de glace and the great 
glaciers, must retain pretty nearly the same tempera- 
ture all the year round. It is quite impossible that 
the intense cold of "winter can pierce entirely through 
the thick ice ; or, on the other hand, that the higher 
temperature of the rocks can make its escape upwards. 
Hence any natural springs that may rise below the 
glaciers will continue to flow on beneath the ice, 
while the temperature of the rocks themselves, and 
the heat derived from the intense friction of the 
glacier grinding upon its bed must tend to melt the 
under portions of the gelid mass, and thus materially 
add to the volume of water in circulation betwixt the 
ice and its pavement. 

Between the edge of the mer de glace, or snow-field, 
of Greenland and the sea, there intervenes a narrowstrip 
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of country, from which in summer-time the snow almost 
entirely disappears. In the sheltered nooks of this 
narrow tract of land the short summer suiScos to 
waken from their long winter sleep numerous feeble 
f owerets that gleam and twinkle timidly among thick 
tufted grasses. Here the purple lichnis and white- 
starred chickweed, with many other sweet little plants, 
blossom and bloom under the fleeting sunshine. Dwarf 
heaths, willows, and alders are also plentiful, and the 
barren rocks put on a gay livery of orange-coloured 
lichens. The musk ox, the reindeer, the arctic fox, 
and hare frequent these solitudes, and numerous flocks 
of sea-birds enliven the coasts; only to disappear, 
however, as soon as the fading day warns them of the 
approach of the long night of winter. Of course, the 
Esquimaux are entirely confined to this narrow belt of 
ground adjoining the sea ; of the interior of the country 
they know nothing. 

A glance at a map of the western hemisphere 
will show that Greenland is separated from Labrador, 
and the bleak islands that flank the northern coasts of 
America by a broad belt of water, the wider portions 
of which are known as Davis Strait and Dafiin’s Bay, 
Towards the far north this water-belt suddenly con- 
tracts to a comparatively narrow strait at Smith’s 
Sound, but afterwards expands again into Kennedy’s 
Channel, beyond which nothing until recently was 
definitely known. Throughout the greater part of 
the year this wide belt of sea is always more or 
less clogged with ice. In winter-time it is nearly 
all frozen over, but in STimmer the ice breaks up 

F 
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into a tumbled archipelago of floating islands, 
through which an adventurous voyager may make 
his way, with great difficulty and danger, dp to 
where the belt begins to contract at Smith’s Sound. 
There can bo little doubt that the comparatively 
sheltered character of much of this region aids the 
formation of the ice upon the sea ; for when the 
expeditions of Dr. Kane and Dr. Hayes traced the 
coast-lines to the far north, they found, where these 
suddenly retired, that the ice-choked water of Ken- 
nedy’s Channel expanded into a wide open sea that 
rolled its great billows against long lines of black 
cliffs, and stretched away far as eye could reach 
towards the pole.* Again, upon the eastern shores of 
Greenland, which are exposed to the full swell of the 
ocean, ice never accumulates to such an extent as it 
does in Baffin’s Bay. The high cliffs, therefore, that 
overlook the water-belt of Davis Strait and Baffin’s 
Bay must protect the sea to some extent from thos(i 
fierce storms which in open ocean throw the water into 
violent commotion, and prevent ice forming. Dr, Hayes, 
with a small party, climbed from the shore near Port 
Foulke, and ventured upwards of sixty miles upon the 
snow-covered table-land, but was overtaken by a storm 
of such violence that it was with great difficulty he 
succeeded in making good his return. The travellers 
found as they descended towards the coast that they 
gradually escaped the fury of the wind ; and when, at 
last they reached the sea-level, all there was peaceful 

* The recent voj^o of the ‘‘ Polaris ” seems to have verified the inference 
of Kane and Hayes as to the existence of an Open Polar Sea.* 
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and quiet, although they could «ee by the gi-oat clouds 
of snow-dust, which continued to stream out from the 
crest of the towering cliffs, that the storm still raged 
with undiminished fury on the bleak table-lands above 
them. 

The ice formed upon the surface of the sea by direct 
freezing rarely attains a greater thickness than 18 or 
20 ft., and where the water is liable to more or less 
agitation it is usually much less. There is a limit to 
the influence of frost upon the sea just as there is 
upon the solid ground. The cake of ice protects the 
underlying water oven as snow shelters the earth. As 
the ice rapidly thickens, the warmer temperature of 
the sea flnds increasing difficulty in soaking uj)wards 
through its crystalline roof, until at last it becomes 
practically imprisoned. Thus, with the warmth of the 
sea shut in, and the cold of the external air shut out, 
the ice-cake comes to assume its maximum thickness 
soon after the winter sets in — the intense cold of the 
later winter months adding little, if anything, to its 
dei)th. 

The sea-ice where it abuts upon the land reaches a 
much greater thickness than that which is formed off 
shore. Along the coast from near the Arctic Circle, 
up to Kennedy’s Channel, a narrow shelf or plat- 
form, varying from 60 to 150 ft. or so in breadth, 
adheres to the rocks, accommodating itself to every 
sweep and indentation of the coast-line. In the 
higher latitudes this shelf never entirely disappears, 
but further south it breaks up and vanishes towards 
the end of summer. It owes its origin to the action 
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of the tides. The fii’bt frost of the late summer co\ ers 
the sea with a coat of ice which, carried upwards along 
the face of the cliffs by the tide, eventually becomes 
glued to the rocks. In this position it remains, and 
gradually grows in thickness with every successive 
tide until it may reach a height of 30 ft., and some- 
times e^en moio, presenting to the sea a bold wall of 
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leo, y gainst which the floes grind and (iiisli, and are 
pounded into fragments. Its grovtli only stops with 
the advent of summer, when it begins to yield to the 
kindly influence of the sun, and to the action of the 
numerous streams that issue fi’om the melting glaciers, 
and lick out for themselves deep hollows in the shelf 
as they rush outwards to the sea. 

During summer vast piles of rock and rubbish crowd 
the surface of the ice-foot. These arc of course derived 
from the cliffs, to the base of which the ice-foot clings. 
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To such an extent does tins rock-rubbish accumulate, 
that the whole surface of the shelf is sometimes buried 
beneath it and entirely hidden from view. In the far 
north, where the ice-foot is perennial, it becomes 
thickly charged with successive deep layers and irre- 
gular masses of rock and debris — ^thc spoil of the 
summer thaws. And when, as frequently happens, 
portions of this ice-belt get forced away from the land 
by the violent impact of massive floes, the current 
carries southward the loaded ice, which ere long will 
drop its burden of rock and rubbish as it journeys on, 
and warmer temporatm’cs begin to tell upon it. Along 
that part of the coast of Greenland where the ice-foot 
is shod at the end of every summer, the quantities of 
rock debris thus home seawai-ds must be something 
prodigious. 

But tlic rafts detached from the ice-foot must occa- 
sionally float from the coast other records of the land 
besides fragments of its bleak cliffs. Dr. Kano de- 
scribes the skeleton of a musk-ox which he saw firmly 
embedded in the ice of the ice-foot, along with the 
usual stones and debris. We cannot suppose that this 
is an isolated and solitary case. On the contrary, when 
we consider the position of the ice-foot, stretching as 
it does along the whole coast-line, and constantly 
receiving the waste of the land, it docs not appear at 
all improbable that the remains of the arctic mam- 
malia may not infrequently get frozen into the ice- 
foot, and eventually be carried out to sea. It is 
quite true that these animals do not abound through ■ 
out the maritime regions of Greenland, yet here and 
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there in favoured spots they collect in considerable 
herds. 

The ice-foot is not the only earner of stones from 
Greenland. Glaciers, as we have seen, enter the sea 
at many places along the arctic coasts — often filling 
up those long deep sea-valleys or fiords which in lower 
latitudes form commodious natural harbours, and fi*e- 
quently penetrate for many miles into the interior of 
a cotmtry : of such a character are the friths and fiords 
of Scotland and K^orway. A glance at a good chart of 
Greenland will show that similar inlets of the sea 
occur very numerously along the west coast of that 
country as far north as Upemavik. But as we follow 
the coast-lino to still higher latitudes the sea no longer 
invades the land in the same way as to the south of 
Upemavik. The deep fiord-valleys still continue, but 
they are ohoked up with glaciers, which have pushed out 
the sea and occupied its place. As these glaciers slowly 
creep on to profounder depths a point is reached at 
which, as already described, the pressure of the dense 
sea- water hecomes too strong for the tenacity of the 
glacier to resist ; and thereupon the ice ruptui’os, and 
great masses surge upwards and float off as icebergs. 
Some of these bergs attain a prodigious size. Dr. Hayes 
measured one which had stranded off the harbour of 
Tessuissak to the north of Melville Bay, and estimated 
it to contain about 27,000,000,000 of cubical feet. This 
berg could not have weighed less than 2,000,000,000 
of tons; it was aground in water neaaiy half-a- 
mile in depth. What, then, must have been the 
thickness of the glacier from which it had been 



GREENLAND : ITS GLACIAL ASPECT. 71 

detached ? Captain Eoss, in his first voyage, describes 
another iceberg of gigantic proportions. This mass of 
congelation had stranded in sixty-one fathoms of 
water, and its weight was estimated at 1,292,397,003 
tons. 

It is highly possible, as I have shown at page (50, 
that icebergs carry away with them stones which were 
frozen into their bottoms at the time when they formed 
part of the glaciers. But the proportion of stones 
thus transported must be very small ; oidy a few stones 
at most can adhere in tliis way to the ice. In places, 
however, where the glaciers are overhung by rocky 
precipices, as is frequently the case just before the 
ice-rivers pour themselves into the sea, the glaciers 
become sprinkled along their sides with rocks and 
debris detached by frost from the clifts above. But 
owing to the great breadth of the glaciers, it can be 
only an infinitesimal portion of their surface that is so 
sprinkled. The great Humboldt glacier has a breadth 
of upwards of sixty miles, and is continually shedding 
icebergs along its whole vast extent of frontage. But 
with the exception, perhaps, of those icebergs that 
break away from the extreme corners at the north 
and south, none of the others carry seaward any stones 
whatever, save what fragments may have become 
jammed and frozen into their bottoms. By far the 
larger number of the arctic icebergs therefore contain 
no extraneous matter, and melt away in mid-occan 
without leaving behind them any record of their 
voyage. Now and then, however, icebergs which 
have at one time fonned portions of the side of a 
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glacier are heavily laden with debris, and as bergs 
float much deeper than detached masses of ice-foot, 
they come more under the influence of oceanic cur- 
rents, and thus, despite winds and tides, are frequently 
earned immense distances before they finally melt 
away. Sailors have met with them as far south as 
the Azores, so that memorials of the arctic lands 
must be widely scattered over the bed of the Atlantic 
Ocean. It is curious to speculate upon the manner in 
which these memorials will be distributed across the 
floor of the sea. Many deep-sea soundings have made 
us aware that the ocean is of very irregxxlar depth ; 
there arc submarine plateaux and hUls and valleys 
just as there are subaerial table-lands, and mountains 
and dales. And wo can easily imagine how as the 
melting icebergs drift southwards and drop their bur- 
dens as they go, fragments of rock, chipped by the 
frost or torn by the glacier fr-om the bleak cliffs and 
mountains of Greenland, will come to rest sometimes 
upon submarine hill-tops, sometimes in submarine 
valleys. 

Occasionally icebergs run aground, and in this posi- 
tion arc rocked to and fro, and sometimes wheeled 
about by the force of the currents. This oscillatory 
movement is usually accompanied by loud noises, and 
the sea becomes turbid often for more than a mile 
with the mud which the rocking berg stirs up from the 
bottom. It frequently happens, too, that when a 
strong swell is running in upon a stranded berg, the 
ponderous mass, after for some time swinging fear- 
fully from side to side, will heel right over, and split 
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up into smaller fragments, which thereupon float 
away. 

Icebergs do not grate continuously along the bottom 
of the sea. When they once run aground their pro- 
gress is stopped, until by gradual melting or by split- 
ing up into several smaller pieces, they arc again 
floated off and swept on by the currents. Now and 
then, however, a berg propelled by the tide may work 
its way for a short distance over a shoal or up a 
gently sloping beach ; but it is evident that it will do 
so in a most irregular manner, and will very soon 
cease to advance. When a berg has stranded, all 
that currents can do is to drive it forward into any 
soft mud and sand that may happen to be lying upon 
the sea-bottom ; but the motion of the ice will soon 
be arrested by the accumulation of debris pushed on in 
front. A mass of ice 3,000 ft. thick would certainly 
make havoc of any loose incoherent beds of silt and 
sand into which it might plough; or, should it run 
aground upon a reef, it would doubtless pound and 
crush the hard rocks that formed the pivot upon which 
it oscillated. But although the rocky coasts of North 
America have often been examined with a view to 
discover striated surfaces that could be shown to be 
the work of icebergs, yet nothing has been observed 
to lead us to believe that striations and markings, like 
those produced by glaciers, are ever the result of ice- 
berg action. 

In this rapid sketch of certain phenomena of the 
arctic regions attention has been confined to such 
facts as have a geological bearing. Nor have all these 
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been exhausted; there still remain some interesting 
questions to be discussed in connection with the marine 
life of the arctic regions. But this part of my subject 
must be deferred to a subsequent page, when I come 
to consider the history of the beds that overlie the 
till. 



CHAPTEE VI. 

ORIGIN OF THE TILL AND ROCK-STRIATIONS AND GROOVINGS 
OF SCOTLAND, 


Stones of the till are glaciated. — Till not like terminal moraine-matter. — 
Mud of glacial rivers. — Till not an iceberg deposit. — Rock-striao pro- 
duced by glaciers. — Scotland once c*overed with ice. — Direction of the 
ice-flow in the Highlands. — In the Southern Uplands. — In the Lowlands 
of the great Central ValIeJ^ — Absence of superficial moraines. — Stones 
in the till derived from the subjacent rocks, not from precipices over- 
hanging the ice. — Stones and mud below ice forming a moraine 
profoude or ground moraine. — Unequal distribution of this deposit 
explained. 


JN Chapter II, some account was given of the till, 
the lowest-lying, and therefore the oldest, of the 
superficial deposits of Scotland. It will be remem- 
bered that this deposit was described as a more or less 
tough tenacious clay, crammed with a pell-mell assem- 
blage of stones — ^these stones being of all shapes and 
sizes, and almost invariably showing smoothed, 
polished, or scratched faces. Now, from what we 
know of glaciers and glacial action wo can have no 
difficulty in coming to the conclusion that in some 
way or other ice has been concerned in the production 
of till. We look in vain for striated stones in the 
gravel which the surf drives backwards and forwards 
on a beach, and we may search the detritus that 
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brooks and rivers push along their beds, but wo shall 
not find any stones at all resembling those of the till, 
Bmming water is powerless to produce anything of the 
kind; it will round and smooth rock-fragments, no 
matter how hard they bo, but it cannot cover them 
with striations. The boulders and stones of the till 
undoubtedly owe their shainng and scratching to the 
action of ice. Just such stones, as we have seen, 
are exposed beneath the overhanging sides of a glacier 
when the sun has caused the ice to shrink back and 
disclose a portion of its rocky bed, and numbers 
might be picked out of its tcnninal moraines — those 
heaps of rubbish which a glacier brings down or 
pushes before it. But we cannot fail to remark that 
although scratched and polished stones occm not 
infrequently in the frontal moraines of aljune glaciers, 
yet at the same time these moraines do not at all 
resemble the till. The moraine consists for the most 
part of a confused heap of rough angular stones and 
blocks, and loose sand and debris; scratched stones are 
decidedly in a minority, and indeed a close search will 
often fail to show them. Clearly, then, the till is 
not of the nature of a terminal moraine. Each stone 
in the till gives evidence of having been subjected 
to a grinding process. Almost every fragment has 
been jammed into the bottom of a glacier, and, 
held firmly in that position, has been grated along 
the rocky surface underneath, or over a pavement 
of the tough stony clay itself. In such a posi- 
tion the stones would naturally arrange themselves 
in the line of least resistance ; hence it is that 
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the most distinct ruts and striee coincide with the 
longer diameter of the stones. But when the stones 
and boulders which are dragged on underneath a 
glacier approach a round or oval shape they can have 
no tendency to lie in any particiilar way, and so 
will come to be scratched equally well in all directions. 
For obvious reasons, soft rocks, like sandstone, will 
not attain so good a polish as hard limestone or close- 
grained shale ; nor shall we expect to find the stones 
rounded like gravel or shingle, for they cannot move 
so freely under ice as pebbles do under water. 
Occasionally, however, they will be rolled over and 
compelled to shift their position ; but ibis process 
will only result in smoothing ofif their sharper edges 
and in marking them with irregular strim. 

Now all these appearances, as we have seen, are 
actually found to characterize the stones in the till ; 
and such being the case, we can hardly resist the 
conclusion that the whole deposit — clay and stones 
alike — ^has in some way or other been formed below 
ice. Wo look in vain, however, amongst the glaciers 
of the Alps for such a deposit. The scratched stones 
we may occasionally find, but where is the clay ? 
We take our stand at the foot of a glacier and watch 
the river as it leaps forth from its cave of blue ice. 
Not a few visitors, I suppose, have been surprised at 
the turbid appearance of the ice-born river. Why 
should the melting glacier give rise to such a milky- 
white, or, as is sometimes the case, yellow-brown 
stream. If wo lift some of the water in a glass and 
examine it, wc shall find that its colour is due to 
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the presence of a very fine impalpable mud. In 
the more sheltered reaches of a glacier river this mud 
will occasionally accumulate to some depth. It is an 
unctuous, sticky deposit, and only requires pressure 
to knead it into a tenacious clay. There can be no 
doubt whatever that it owes its origin to the grinding 
power of the glacier. The stones and sand which the 
ice forces along are crushed and pulverised upon the 
rock below, and the finer material resulting from this 
action is what renders the glacial rivers turbid and 
milky. If there were no water to wash out the mud 
formed in this way below a glacier, it is evident that 
not only scratched stones but clay also would gather 
underneath the ice, and be pushed out at its termi- 
nation ; and this clay, OAving to excessive pressure and 
to the finely-divided nature of its ingredients, would 
be hard and tough. The Scottish till, when it has 
been exposed to the influence of the weather, sooner 
or later crumbles down, and, when water washes over 
it, then that wliich was once a hard tough clay 
becomes a soft, sticky, unctuous mud, that clings 
persistently to everything it touches. No one who 
compares this mud with that derived from the glacial 
waters of the Alps will fail to notice their similarity. 
Thus, whether we consider the character of the stones 
in the till, or the nature of the clay, we arc almost 
equally convinced that both have had a glacial origin. 

It is clear, however, that the conditions for the 
gathering of a stony clay like the till do not obtain (as 
far as we know) among the alpine glaciers. There is 
too much water circulating below the ice there to allow 
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any considerable thickness of such a deposit as till to 
accumulate. Neither can till owe its origin to icebergs. 
If it had been distributed over the sea-bottom it would 
assuredly have shown some kind of arrangement. 
When an iceberg drops its rubbish, it stands to reason 
that the heavier blocks will reach the bottom first, 
then the smaller stones, and lastly the finer ingredients. 
There is no such assortment visible, however, in the 
normal till ; but large and small stones are scattered 
pretty equally through the clay, which moreover is 
quite uustratified.* Again, putting aside the unstrati- 
fied character of the till, we cannot fail to remark that 
the groat mass of stones and debris which icebergs 
carry seawards, consists alraosts exclusively of rough, 
unpolished angular fragments that have tumbled uj^on 
the surface of the ice from cliffs and precipices. The 
only polished and striated stones that an iceberg can 
possibly steal away with are the few that may have 
got jammed into its base before it was shed from its 
parent glacier. Such being the character of the debris 
borne seawards upon glaciers, it is evident that the 
till, with its pell-mell accumulation of finely-polished 
and striated stones, cannot be of the nature of iceberg 
droppings. These are strong reasons for rejecting the 
iceberg theory of the origin of till, yet they are not 
by any means the most cogent, as will be seen by- 
and-by. 

Since till, then, cannot be formed in and deposited 
by water in the same way as gravel and sand — since 

♦ To cortain ap|)earances of stratification presented by some stony clays, I 
shall refer in the sequel, see (^hapter XV. 
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no such deposit accumulates as a terminal moraine 
in alpine valleys, nor can possibly be the result of 
iceberg droppings — wbat other explanation of its origin 
can be given? To answer this question, we must 
for a little recall certain other phenomena associated 
with the till. 

When that deposit is removed from the underlying 
rocks these almost invariably show either a well- 
smoothed, polished, and striated surface, or else a 
highly confused, broken, and smashed appearance. 
But scratched and polished roek-surfaees are by no 
means confined to till-covercd districts. They are 
met with everywhere and at all levels throughout the 
country, from the sea-coast up to near the tops of 
some of our higher mountains. The lower hill-ranges, 
such as the Sidlaws, the Ochils, the Pentlands, the 
Kilbarchan and Paisley Hills, and others, exhibit 
polished and smoothed rock-faces on their very crests. 
Similar markings streak and score the rocks up to a 
great height in the deep \ alleys of the Highlands and 
Southern Uplands, and throughout the inner and outer 
Hebrides and Orkney and Shetland the same phe- 
nomena constantly occur. 

The direction of these parallel ruts and striations 
coincides, as a rule, with the line of the principal 
valleys. In the Northern Highlands, for example, 
they keep parallel to the trend of the great glens ; 
and in the Southern Uplands, likewise, they follow all 
the windings of the chief dales and “hopes.” In the 
Lowlands, however, their direetion does not appear to 
bo influenced so much by the configuration of the 
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ground; for they often cross low valleys at right 
angles or nearly so, and sweep up and over intervening 
hills, even when these happen to have an elevation 
of upwards of 1,800 ft. above the sea. 

The scratches upon the rocks have exactly the same 
appearance as those that crowd the surface of the 
stones in the till ; but whereas the striations on the 
stones may cross and recross, those upon a surface of 
rock usually run in one and the same direction. 
Sometimes, however, wo meet with exceptions to this 
rule, when two or even throe sets of strise may be 
observed upon the same surface of rock. But such 
cross-hatchings do not occur very often, and seem to 
be confined to the lowland districts — ^at aU events, 
I have never seen them in any of the valleys of the 
Highlands or Southern Uplands. No one who shall 
compare the dressed rocks with the scratched stones 
can have any doubt that both owe their origin to the 
same cause. If glacier ice scratched the stones, then 
the rocks must have been smoothed and dressed by 
the same agency. The work cannot possibly have 
been done by icebergs, for floating ico has no power 
to grate along the sea-bottom, so as to polish and 
dross submarine hills and valleys. The agent that 
performed the work has actually clung to the ground, 
and accommodated itself to every inequality of surface 
— ^hero roimding and smoothing knobs and bosses of 
rock, there sliding into and polishing dimples and de- 
pressions. In short, the appearances tally precisely 
with what has been observed in the valleys of the 
Alps and elsewhere. When we have the opportunity of 

G 
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examining the deserted bed of a glacier, we find it 
smoothed and dressed in every part — wherever the ice 
has been able to get at the rock it has groimd, 
scratched, and polished it. Nor can any reasonable 
person resist the conclusion that the dressed rocks of 
Scotland have been worked upon by ice in the same 
way. "We must believe that all the hills and valleys 
were once swathed in snow and icc — that the whole 
of Scotland was at some distant date buried imder- 
neath one immense mer de glace, through which peered 
only the higher mountain-tops. This is no vague 
hypothesis or speculation founded on uncertain data, 
no mere conjecture which the light of future discoveries 
may explode. The evidence is so clear and so over- 
whelmingly convincing that we cannot resist the 
inevitable conclusion. Suppose some visitor who had 
only newly arrived in our country were to stumble 
in the course of his wanderings upon a deserted line 
of railway, where the old, battered rails gave evidence 
of having been well used, he surely would require 
no reflection to conclude that cars and waggons must 
frequently have passed along the line. What would 
be thought of our visitor’s sanity if he were to reason 
in this way : — “ Although this looks very like a 
railway, with its embankments and rails and sleepers, 
yet I cannot think it is so, for no trains run upon 
it, and I have been here several months, but in all 
that time have never seen it used.” Now old embank- 
ments and worn-out rails are no more convincing proofs 
of the former passage of wheeled carriages, than the 
smoothed, scratched, and rounded rocks are of the 
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grinding action of old glaciers; and the incredulity 
that would reject the evidence of the latter might 
well be expected to treat the former in a similar 
way. 

Since, then, we must believe that the dressed and 
roimded rocks could only have been so dressed and 
rounded by land-ice, it follows that wherever such 
rock-surfaces occur there at one time a glacier must 
have been. Now the scratches may be traced from 
the islands and the coast-line up to an elevation of at 
least 3,500 ft. ; so that ice must have covered the 
country to that height at least. In the Highlands the 
tide of ice streamed out from the central elevations 
down all the main straths and glens, and by measur- 
ing the height attained by the smoothed and rounded 
rocks, we are enabled to estimate roughly the probable 
thickness of the old ice-sheet. But it can be only a 
rough estimate, for so long a time has elapsed since 
the ice disappeared, and rain and frost together have 
so split up and worn down the rocks of these high- 
land mountains, that much of the smoothing and 
polishing has vanished. But although the finer marks 
of the ice-chisel have thus frequently been obliterated, 
yet the broader effects remain conspicuous enough. 
From an examination of these, we gather that the ice 
could not have been less, and was probably more than 
3,000 ft. thick in its deeper parts. What wonder, 
then, that a mass of this bulk, ghding from the moun- 
tains down to the sea during a long course of ages, 
should have left such an impress of its grinding-power 
upon the rocks that the lapse of thousands of years has 
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not succeeded in removing it. For even when the fine 
smoothing and polishing have disappeared, the hills 
yet show in their rounded and fiowing outlines that 
peculiar configuration which is so characteristic of 
ground over which a glacier has passed. 

It is well known that the glaciers of Switzerland 
are mere pigmies compared to what they have been 
formerly. The slopes of the alpine valleys are all 
smoothed, scratched, and scored up to a considerable 
height above the present surface of the glaciers ; and 
these smoothed rocks are often separated from the 
rough, broken, and craggy rocks above by a well- 
marked line, indicating the height reached by the 
glaciers in days gone by. But in Scotland such a dis- 
tinct .line of division rarely marks out the upper limits 
of the glaciation. Frost and rain have made havoc of 
the ice- work at the higher elevations of the country, 
and roughened the exposed rocks into crags and 
peaks. 

In the Southern Uplands the ice moved, as in the 
Highlands, from the central high-grounds down all the 
main valleys — its track being well marked out by an 
abundant series of finely preserved strise.* From the 
mountains of Galloway, and the uplands of the south- 
east, vast glaciers descended in every direction. The 
valleys of the Annan, the Mth, and the Dee were 
filled to overflowing with great confluent glaciers that 
poured their united volume into the Solway Frith and 
the Irish Sea. In like manner a vast stream of ice 
that flowed north-east and then south-east, buried the 

* Seo the general map showing the direction of glaciation. 
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great vale of the Tweed between the Cheviots and the 
Lanunermnirs. 

When the ice-markings are followed into the low- 
lands of the central valley, we find that in the vale of 
the Forth their general tendency is towards the east ; 
while in the lower reaches of the Clyde valley their 
trend is east, south-east, south, and south-west. The 
meaning of this apparent confusion is perceived when 
we trace out the track of the glaciers that issued 
from the Highlands, and follow the spoor of those 
that crept down from the Southern Uplands. It then 
becomes apparent that a great current of ice from the 
high-grounds of Lanarkshire sot down the valley of 
the Clyde, and was met above Hamilton by a vast 
glacier coming in the opposite direction. Hence the 
two opposing streams were deflected to east and south- 
west — on the one hand sweeping across the Lothians 
into the Frith of Forth and the Gennan Ocean, on 
the other overflowing the uplands of Eenfrewshire, 
and passing south-west into Ayrshire, so as to unite 
with the glacier masses descending from the Galloway 
mountains. 

Underneath these great streams of ice the whole 
surface of the country would be subjected to ex- 
cessive erosion. Hill-slopes would be ground and 
polished, valleys deepened and smoothed; here the 
rocks would be finely dressed and striated, there 
crushed and broken. And what would be the cha- 
racter of the debris that resulted from all this grind- 
ing and graving- work ? In the glaciers of the Alps 
we have every reason to believe that a considerable 
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proportion of the stones used as chisels and stylets by 
the ice are introduced from above. They tumble from 
the crags upon the surface of the ice, and drop into 
those deep crevasses which must sometimes cut a gla- 
cier to its bottom. But when ice buried Scotland to 
a depth of several thousand feet, only a few hill-tops 
would rise above the general level of the mcr de glace. 
Consequently, little debris would be showered upon 
the ice; and, even supposing considerable heaps of 
blocks and rock-rubbish did aeceumulate here and 
there at the base of some isolated hill, it is neverthe- 
less very unlikely that any portion would ever work 
a way to the bottom of the thick ice-sheet. The 
gravers emiiloyed by the ice in dressing the Scottish 
hills and valleys could not have been derived from 
above ; they must have been obtained from the rocks 
lying below. 

It is quite certain, however, that the ice when it 
first overflowed the land would find a plentiful supply 
of loose stones lying upon the ground ready for use. 
For long ages before the country became locked in ice 
the climate must have been getting colder and colder. 
The result of this intense frost would bo to split up 
the rocks cveryn^here : nor woidd this be a difficult 
matter. We must remember that the present deep 
subsoils, that bury the solid rocks to such a depth, had 
no existence before the advent of the ice-sheet. The 
rocks would not be covered with a deeper soil than 
is the case in countries where no drift deposits exist. 
I have already referred to the heaps of broken rock 
that cumber the exposed ground in northern regions, 
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where whole hills are well-nigh buried in then- 
own ruins. In all arctic and alpine countries, and, 
indeed, wherever a rock is exposed to the action 
of frost, it is sure to split up sooner or later. The 
moraines of the Alps, and the prodigious piles of 
debris that collect upon the ice-foot of the arctic 
regions, are sufficient evidence of what frost can do. 
It is certain, therefore, that when the ice began to 
creep over Scotland, it would have to make its way 
through piles of broken fragments and over shattered 
rock-surfaces. Ice-chisels would thus be prepared 
for it beforehand, which would aid in the work of 
dislodging others from the rocks. As the crushing 
and grinding continued, few stones would escape 
being smoothed and striated, while the fine mud 
resulting from all this work would get mixed up with 
the stones, and form a stony clay. It is true that 
water would circulate below the ice to some extent, as 
wo know it does underneath the glaciers of Greenland, 
and no doubt much glacial mud would be carried away 
by this means; nevertheless, all that could possibly 
escape would bear but a very small proportion to what 
remained behind. Thus both mud and stones would 
tend to collect under the ice ; and as that great mass 
moved onwards, pressing with prodigious weight, the 
mud and the stones would be squeezed and dragged 
forward so as to become a confused and pell-mell mix- 
ture of clay and stones, with here and there traces of 
water-action in the form of irregular patches and 
interrupted bands of stones, gravel, and earthy sand — 
in short, tiU. Such, then, would appear to be the 
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origin of that remarkable deposit: it is the ground 
moraine, or moraine profonde,, of the old ice-sheet. 

We must not suppose, however, that till gathered 
equally underneath every portion of the confluent 
glaciers. On the contrary, wherever the inclination 
of the ground was such as to cause the ice to quicken 
its flow — on steep hiU-slopes, for example — clay and 
stones would not readily collect ; but in places where 
the motion was slow, there the till would have a ten- 
dency to accumulate : in short, the distribution of the 
till would be regulated by the varying pressure of the 
ice above. Some have objected that the moment a 
layer of tiU was formed between the ice and the sub- 
jacent rock, all wear and tear of the latter would cease, 
and therefore that the formation of till itself would 
suddenly come to an end. It would just bo as reason- 
able, however, to infer that all wearing-away of a 
river-channel must stop the moment that the channel 
becomes filled with gravel and sand. But who does 
not know that the materials in the bed of a stream are 
continually travelling onward, no matter how slowly. 
It is quite true that so long as a bank of sand and 
gravel shall lie in one place, the rock on which it rests 
will escape the rasp of the river. But the river that 
piles up such banks will by-and-by sweep them away 
again, and employ the sand and gravel as agents for 
wearing down, scouring, and filing the rocks which 
they formerly protected. And so, no doubt, it must 
have been with the ice-sheet and its debris. Over 
many portions of its bed there would be a continual 
travelling onwards of clay, sand, and stones ; while in 
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other areas masses of debris which had collected here 
and there would be ever and anon ploughed up again, 
and pushed and dragged forward from one position to 
another. In this way the underlying rocks would be 
alternately protected and exposed. 
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ORIGIN OF THE TILL, AND EOCK-STRIATIONS AND 
GROOVINGS OF SCOTLAND — Continued. 


Direction of ice-flow indicated by stones in the till. — Cross-hatching of 
rock-striao accounted for. — Intermingling in the till of stones derived 
fix)m separate districts. — “Debatable land" between rival ice-flows. — 
Local colouring of till an indication of direction followed by ice-flow. — 
The Ochils, Pentlands, and other hills completely overflowed by ice. — 
Deflections of the ice-flow. — Till in upland valleys, why terraced.— Origin 
of lowland “drums." — Crag and tail, &c. — Islets lying oft' the coast 
glaciated from the mainland. — ^Ice filled up all our shallow seas. — 
General ice-sheet like that of Antarctic continent. 


^HE course followed by the ice-sheet in its down- 
ward progress from the high-grounds to the coast 
is indicated, as described in last chapter, by the direc- 
tion of scratches and furrows and flutings, and by that 
peculiar rounded outline which the grinding of the 
heavy mass has imparted to our mountain-slopes and 
hill-tops.* But even when these markings do not 
appear, either on account of the obliterating effect of 
weathering, or else because they lie concealed below a 
superficial covering of drift, yet the till itself often 
furnishes evidence as to the direction of ice-flow. If, 
for example, we know from what part of the country 

* Bockfi which are so rounded, whether striated or not, are known as 
rochei mouionneea^ The name was probably given to them on account of a 
fanciful resemblance to the rounded shape of a sheep^s back. 
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the scratched stones in the till have been derived, it is 
obvious that we ascertain at the same time the course 
followed by the ice that brought them. Hence we 
are enabled to track out the trail of the mer de glace 
over all -the country. And it is worthy of note that 
the evidence supplied by the stones always corrobo- 
rates that afforded by the roches moutonnees and striated 
rocks. If these last owe their origin to a current of 
ice that came from the north, then the stones also'will 
be found to have travelled in the same direction. 
And, curiously enough, in those districts where the 
rocks exhibit a “ cross-hatching ” of striae, or where 
the striations on two contiguous rocks do not agree in 
direction, there also the tdl shows an intermingling 
of stones derived from separate districts. Now what 
does this prove ? Clearly this, that the ice-currents 
were occasionally deflected and forced to go another 
way. The great stream that crept across the central 
valley of Scotland was certainly at times turned out 
of its normal course — ^now towards the south by the 
pressure of that powerful current of ice that poured 
down from the Highlands, and again towards the 
north when the ice-stream coming from the Southern 
Uplands overpowered and forced back the other ; in 
short, there was a “ debatable ground ” between the 
northern and the southern currents, over which some- 
times the one and sometimes the other prevailed.* 
The right of possession to the hilly tract that lies 
between Paisley and Kilmarnock seems frequently to 

* Reference will be made in a succeeding chapter to certain instances of 
cross-hatdiing which are to be explained in a different way, see Chapter XV. 
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hare been disputed by the rival ice-streams — ^the 
rocks of that area being sometimes striated from north 
to south, and sometimes in the opposite direction. We 
find also an intermingling of stones — ^fragments of 
mica-schist and gneiss from the highland mountains 
occurring now and again in the till of the valley of 
the Irvine ; while stones derived from the high-grounds 
to the south of that river appear here and there in the 
till that sweeps up to the crests of the hills overlook- 
ing the basin of the Clyde. A similar intermingling 
of stones from the north and south is seen in the till 
of the valley of the Esk near the Moorfoot Hills, in 
Edinburghshire. 

But beyond this “debatable land” striated rocks 
and scratched stones alike point to a persistent ice- 
flow in determinate directions. In the near neigh- 
bourhood of the Highlands all the stones without 
exception toll of a move outwards from the moun- 
tains, and it is the same with rock-striations. The 
till in the valleys of the Southern Uplands has in 
like manner invariably been derived from the conti- 
guous high-grounds. Following the till from the base 
of the Grampians, where it is crammed with frag- 
ments of mica-schist, granite, gneiss, quartz, &c., &c., 
down into the basin of the Forth, wc find the number 
of these highland stones gradually decreasing, until 
by-and-by they disappear altogether. And the same 
is the case with the till that stretches northwards from 
the Southern Uplands. At first the fragments brought 
from these uplands are in the majority, but they gra- 
dually fall off northwards, until finally we cease to 
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meet with them. It is curious also to notice how the 
stones lose in size as the parent rock is left further 
and further behind — ^the longer the distance travelled, 
the greater having been the degree of crushing and 
grinding undergone. 

The local colouring assumed by the till is another 
strong proof of transportation by land-ice. As de- 
scribed in a previous chapter, this deposit varies both 
in colour and texture, according to the nature of the 
rocks near which it lies. Thus it becomes red, and 
shows a sandy texture in districts where red sand- 
stone is the prevailmg rock ; but in a region where 
coal and black shales abound, there we encounter a 
hard, tough, tenacious deposit, having a dark greyish 
blue colour. The reason for this difference is obvious. 
The clay is derived from the grinding and crushing of 
the underlying rocks, and consequently changes its 
character as the rocks change theirs. But just as the 
iucluded stones not infrequently have been dragged 
for a long distance from their parent rocks, so in like 
manner has the clay formed in one place travelled 
onward to another. Hence it often happens that the 
till of a given district — a red sandstone region, for 
example — ^will be found to have invaded and covered 
adjoining groTind where the rocks are neither red nor 
composed of sandstone. 

If space permitted, some special proof might be 
offered in support of a statement already made — 
namely, that the ice overflowed the hill-ranges 
and isolated hills of central Scotland. The Ochils, 
for example, that separate the basin of the Forth 
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from Stratheam are ground off and smoothed in such 
a way as to indicate that the mass of ice must first 
have crossed the valley of the Earn from the Gram- 
pian mountains, and thereafter overflowed the Ochils 
and passed on south-eastwards across the Lomonds 
and the Cleish Hills into the valley of the Forth. 
The evidence afforded by the till that covers the 
southern slopes of the Ochils points precisely to the 
same conclusion, for that deposit is abundantly charged 
with fragments of gneiss, granite, and other rocks that 
could only have come from the Highlands. Mr. 
B. N. Peach found a considerable mass of till at a 
height of 2,200 ft. on the shoulder of Ben Clough, 
and numerous scratched stones occurred on the very 
top of the hill (2,300 ft.) Similar proof of the passage 
of land-ice over considerable eminences in the low- 
land districts might easily be given. For instance, 
on the very top of Allermuir Hill, one of the 
highest points in the Pentlands, Mr. Croll got a 
patch of till containing, amongst other local stones, 
certain fragments which have been brought from 
the north or north-west — thus clearly showing that 
these Mils also were overtopped by the mer do 
glace. I have already mentioned the fact that 
both rock-scratches and till indicate that the high- 
grounds between Paisley and Eilmamock have been 
surmoxmted by land-ice. According to my brother. 
Professor Geikie, relics of the till are found near the 
top of Tinto Hill (in Lanarkshire), wMch rises to a 
height of upwards of 2,300 ft. above the sea. 

That the ice should have overflowed the land up to 
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such heights mil not surprise one ; for, by a stream 
of ice some 3,000 ft. or so in thickness, hills like 
the Ochils, the Pentlands, and Tinto would be as 
easily surmounted, as stones and boulders are over- 
flowed in the bed of. a river. And yet, just as these 
boulders will deflect that portion of the river’s current 
that strikes upon them, so the heights to which I refer 
appear to have partially turned aside the stream of ice 
that beat against them. This is shown by the manner 
in which the flutings and groovings bend round the 
sides of a hill before they Anally cross it and resume 
their normal direction. 

The flutings and groovings in the valleys of the 
Southern Uplands show distinctly that the ice to which 
they owe their origin not only filled the valleys, but 
swept across the intervening hills. The markings 
referred to run in nearly a horizontal direction along 
the steep slopes of the hills, so that they appear to 
rise as the valley descends ; and thus, while we follow 
the stream, they gradually mount higher and higher 
until the crest of the hill is reached, over which they 
eventually disappear. The beautiful valley of the 
Yarrow below Gordon Arms inn affords a fine example 
of the phenomena in question. 

Eeference has already been made to the unequal 
distribution of the tiU. It lies thickest in the valleys, 
and thins away towards the hills, being found for 
the most part in patches when we get above a height 
of 1,000 ft. In the hiUy districts of the south of 
Scotland it occurs chiefly on the bottoms of the val- 
leys, but it may sometimes be met with nestling in 
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hollows even np to a height of 1,800 or 1,900 ft. The 
whole appearance of the deposit, however, shows that 
it never did attain any thickness at these heights — ^the 
force of the ice-stream on steep slopes and exposed 
places having prevented its accumulation, just as a 
river will not allow sediment to accumulate upon the 
tops and exposed sides of the large boulders in its bed. 
But in the lower reaches of the upland valleys, notably 
in Peeblesshire, the till often attains some depth. It 
gradually lessens, however, as we trace it up towards 
the heads of the valleys, where it eventually disap- 
pears. 

The general aspect presented by the deposit in these 
valleys is that of a flat-topped terrace inclining gently 
from the hill-sides and sloping gradually down in the 
direction followed by the stream, at about the same 
angle as the bottom of the valley itself. I believe 
that this terrace-like appearance of the till was most 
probably assumed underneath the ice-sheet. In nar- 
row and deep hollows, like the upland valleys, the ice 
was not liable to such deflections as took place over 
the “ debatable grounds and the till forming below 
it consequently escaped being squeezed to and fro; 
the valleys 'were filled with streams of ice flowing con- 
stantly in one and the same direction, and the proba- 
bilities are therefore strong that the d6bris which 
accumulated below would be spread out smoothly. 

In the Lowlands the effect produced by the vary- 
ing direction and unequal pressure of the ice-sheet is 
visible in the peculiar outline assumed by the till. 
Sometimes it forms a confused aggregate of softly 
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swelliog mounds and hummocks; in other places it 
gives rise to a series of long smoothly-rounded banks 
or “drums” and “sowbaeks,” which run parallel 
to the direction taken by the ice. This peculiar con- 
figuration of the till, although doubtless modified to 
some extent by rain and streams, yet was no doubt 
assumed under the ice-sheet — the “ sowbacks ” being 
the glacial counterparts of those broad banks of silt 
and sand that form here and there upon the beds of 
rivers. Perhaps the most admirable example in Scot- 
land of this peculiar arrangement or configuration of 
the till occurs in the valley of the Tweed, between 
the Cheviot Hills and the Lammermuirs. In this 
wide district all the ridges of till run parallel to 
each other, and in a direction approximately east and 
west. This, too, is the prevailing trend of the rock- 
striations and rochcs moutonnees in the same neigh- 
bourhood. 

The phenomena of “ crag and tail ” aflbrd yet 
another indication of the path followed by the ice. 
A familiar illustration of the mode in which “ crag 
and tail ” have been formed may be obtained by plac- 
ing a large stone in the current of a stream, and 
watching the effect produced upon the carriage of 
sediment by the water. The current sweeps against 
the stone, and is deflected to right and left — ^there 
being of course considerable commotion in front and 
quiet water behind. The current thus stemmed is 
forced downwards with a stronger pressure upon the 
bed of the stream by the water continually advancing 
from behind, and the result is that a hollow is gra- 

H 
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dually scooped out in front of the stone, and for some 
■way along its sides. In the rear, where there is com- 
paratively little stir in the water, silt and sand speedily 
accumulate, until a long sloping “ tail ” is formed, 
stretching away from the stone for as groat a distance 
as the quiet water extends. If for a stone we substi- 
tute a big crag, standing up in a broad valley, and for 
the little stream of our illustration a deep current of 
land-ice, we shall have no difficulty in explaining the 
origin of “ crag and tail.” In the valley of the Forth, 
where isolated hills and bosses of rock arc not uncom- 
mon, the till is invariably heaped up on the east side 
of the crags, showing that the set of the ice-stream 
was from west to east ; the direction in which the till 
has travelled, and the course followed by the rock- 
striations, both lead us to the same conclusion. 

Thus on every hand we are furnished ■with abundant 
proof of the former existence of a great mer de glace 
in Scotland. From the tops of some of our higher 
mountains down to the edge of the sea, no part of the 
country has escaped abrasion. The hiUs are worn and 
rounded off, and the valleys are cumbered ■with the 
wreck and ruin of the rocks. Nay, most of the islands 
which lie off the coasts plainly indicate by striations 
and other glacial markings that ice has swept over 
them also. They are smoothed not from the centre to 
the circumference, as would have been the case had 
they supported separate glaciers of thfeir own, but the 
striations go right across them from side to side. It 
cannot be doubted therefore that the ice, to the grind- 
ing action of which these striations are due, actually 
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crossed from the mainland over what now forms the 
bed of the sea. Perhaps the most striking example 
of this is furnished by Lewis, the northern portion of 
the Long Island, which I found to be glaciated across 
its whole breadth from south-east to north-west. The 
land-ice that swept over this tract must have come 
from the mountains of Eoss-shirc — a distance of not 
less than thirty miles. Leaving the mainland, it 
must have filled up the whole of the North Minch 
(sixty fathoms in depth), and overflowed Lewis to a 
height of 1,250 ft. at least. 

In like maruier the Island of Bute has been scored 
and smoothed from end to end by a mass of ice which, 
streaming out from the highlands of Argyleshire, filled 
up the Kyles, and then passed southwards over the 
whole island to occupy the bed of the Frith of Clyde 
between Bute and Arran. Many of the islets scat- 
tered along the western coasts tell the same tale. 
Again, it may be mentioned as a very striking fact 
that the lofty cliffs along the south-west coast of 
Ayrshire are striated along their tops in a direction 
parallel to the trend of the coast — ^that is, from north- 
cast to south-west. An examination of the general 
map will show how these striations have been pro- 
duced by a mass of ice that filled up the bed of the 
adjacent sea, and streamed south-west towards the 
northern coast of Ireland. From these and similar 
facts geologists have been inclined to infer that at the 
time the mer de glace covered Scotland the whole of 
our country stood at a higher level relative to the sea 
than now j in other words, that a large part of what 
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in these days forms the floor of the sea was at that 
time in the condition of dry land. This being so, the 
ice from the central parts of the coimtry would creep 
outwards and overflow what are now islands, in the 
same way as it surmounted the Ochils, the Pentlands, 
and other hill ranges of central Scotland. But, as 
Mr. Croll remarks, it is quite unnecessary to suppose 
that the land during the great extension of the ice- 
fields, stood any higher above the sea. A mass of 
ice, upwards of 2,000 ft., and in parts attaining 
3,000 ft. in thickness, would fill up every fiord- 
valley, and dispossess the sea in all the sounds, 
straits, and channels that separate the islands from 
themselves and the mainland. A glance at the 
Admiralty charts will show how this could be. From 
them it will be learned, that, between the mainland 
and the islands, the sea seldom attains a greater 
depth than 70 fathoms or 420 ft., and even this 
depth is quite exceptional. The German Ocean 
between England and the coasts of France and the 
Netherlands, does not average more than some 150 
or 160 ft. in depth: and the soundings show that 
the water deepens very gradually northwards. To 
reach the 100-fathom line, we approach quite close 
to the coast of Norway, and the same line lies 
considerably north of the Shetland Islands, from 
which it sweeps west by south, keeping outside 
of the Hebrides and Ireland. In no part of our 
seas, then, could the water have been of sufficient 
depth to float those prodigious masses of ice which 
we can prove were generated in Scotland during the 
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ORIGIN OF TILL AND ROCK-STRIAE. 


101 


glacial epoch. Before ice will float, it requires 
water deep enough to accommodate some seven or 
eight parts of its bulk below the surface of the sea ; 
and therefore the great mer de glace, being unable to 
float in 600 ft. of water, must have pushed back the 
shallow seas that flow around our coasts, so as even 
to coalesce with the ice-sheet that crept out at the 
same time from Norway. In short, the ice would flow 
along the bottom of the sea with as much ease as it 
poured across the land, and every island would be 
surmounted and crushed and scored and polished 
just as readily as the hills of the mainland were. 
But the ice-sheet would not only enfold the western 
islands and join them to the mainland, it would 
also extend still further seawards, and terminate 
at last in precipitous or vertical cliffs, resembling that 
great wall of ice which Commodore Wilkes and 
Sir J. C. Boss encountered in the Antarctic Seas. 
How far westward the ice would extend into the 
Atlantic would, of course, depend entirely upon its 
thickness and the depth of the sea. If it retained 
at its outskirts only one-third of the great depth 
under which it buried central Scotland, it must have 
gone out as far at least as the 100-fathom line. Sir 
J. C. Boss’s striking account of the mighty ice-sheet 
under which the Antarctic continent lies buried, gives 
one a very good notion of the kind of appearance 
which the skirts of our own ice-sheet presented. 
After reaching the highest southern latitude which 
has yet been attained, all his attempts to penetrate 
further wore frustrated by a precipitous wall of ice 
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that rose out of the water to a height of 180 ft. in 
places, and effectually barred all progress towards the 
pole. For 460 mUes he sailed in front of this cliff, 
and found it unbroken by a single inlet. While thus 
coasting along, his ships (the Erelus and Terror)- 
were often in danger from stupendous icebergs and 
thick pack-icc, that frequently extended in masses 
too close and serried to he bored through. Only 
at one point did the ice-wall sink low enough to 
allow of its upper surface being seen from the 
masthead. Boss approached this point, which was 
only spmc fifty feet above the level of the sea, and 
obtained a good view. He describes the upper 
surface of the ice as a smooth plain shining like 
frosted silver, and stretching away far as eye could 
reach into the illimitable distance. The ice-cliff 
described by Boss is the terminal front of a gigantic 
mer do glace, which, nurtured on the circumpolar 
continent, creeps outward over the floor of the 
sea until it reaches depths where the pressure of 
the water stops its farther advance by continually 
breaking off large segments and shreds from its 
terminal front, and floating these away as icebergs. 
And such must have been the aspect presented by 
the margin of the old ice-sheet, which, in the early 
stages of the glacial epoch, mantled Scotland and 
its numerous islets, filling up the intervening straits 
and channels of the sea, and terminating far out in 
the Atlantic Ocean in a flat-topped vertical cliff of 
blue ice.* 

* For further details respecting Scotch ice-sheet, see Appendix, Kote E. 



CHAPTER VIII. 

CAUSE OF COSMICAL CHANGES OF CLIMATE. 

Evidences of former great changes of climate during past ages. — Theories 
accounting for these. — Translation of the solar system through space. — 
Change in the position of the earth's axis of rotation. — Sliding of the 
earth’s crust round the nucleus. — Changes in the distribution of land and 
sea. — Elevation and depression of the land. — Sir Charles Ly ell’s specu- 
lations upon the effect of such changes. — Climatal effect of winds and 
ocean currents. — Effect of accumulation of land within the tropics, and 
of same round the poles. — Peculiar distribution of land and sea inade- 
quate to account for great cosmical changes of climate. 

q''HE stony record everywhere assures us that from 
the earliest times of which geologists can take 
cognizance down to the present, our globe has expe- 
rienced many changes of climate. The plants of 
which our coal-seams are composed speak to us of 
lands covered with luxuriant growths of tree-ferns 
and auracarians, and the fossils in our limestones 
tell us of warm seas where corals luxuriated in 
the genial waters. Nor is it only in our own 
latitudes that scenes like these are conjured up by 
a study of the rocks. Even in high arctic regions, 
where the lands are well-nigh entirely concealed 
beneath the snow, and where the seas are often 
choked with ice all the year round, we often meet 
with remarkable proofs of genial and even warm 
climates having formerly prevailed at several widely 
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separated periods. Limestones containing fossil corals, 
and numerous remains of extinct chambered shells, 
such as are now represented by the nautilus of 
the Pacific Ocean, occur frequently in the highest 
latitudes yet reached by man. Dr. Hayes brought 
from the bleak shores of Grinell Land certain fossils, 
the nature of which clearly indicates that at some 
distant date a genial ocean capable of nourishing 
corals and chambered shells, must have overspread 
that region. Similar results have been obtained by 
many of our most distinguished arctic voyagers, and 
from their observations it is now well ascertained that 
over all the regions within the Arctic Circle which 
have yet been visited, genial climates have pre- 
vailed at different times during past geologic ages 
—climates that not only nourished corals and southern 
molluscs in the seas, but clothed the lands with a rich 
and luxuriant greenery. 

A close and careful scrutiny of the rock formations 
of our own comitry shows us, moreover, that, in the 
distant past, those warm and genial conditions that 
extended from our own latitudes up to polar regions, 
ever and anon disappeared, and were replaced by cold 
and even arctic climates. Coral seas and swampy 
jungles pass away, and are succeeded in time by 
snow-covered mountains, by glaciers creeping down 
the valleys, and icebergs sailing drearily away from 
frost-bound coasts. Again a sunny picture rises up 
before us, to be replaced, as the ages roll on, by yet 
other scenes of arctic sterility. It was long, how- 
ever, before geologists began to recognise the evi- 
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dence for this remarkable succession, or, as we may 
call it, rotation of climates. The old belief \ised 
to be, that the climates of the globe, owing in great 
measure to the escape of the earth’s internal heat 
into space, had gradually and regularly cooled down : 
so that the older formations were thought to represent 
ultra-tropical conditions, while the later deposits con- 
tained the records of less tropical and temperate 
climates. The astronomer and cosmogonist assure us 
that there was a time when this earth existed as a 
mass of gaseous matter, and that this matter, by 
parting with some portion of its heat, passed ere long 
into a fluid condition. After some time a hard crust 
formed over the surface of the molten liquid, and 
when long ages had passed away, and the outer shell 
or skin had sufficiently cooled down to allow of all 
the varied phenomena of evaporation and rain and 
rivers, then by-and-by life appeared, and those 
wonderful organic forces began to act, which, under 
the guidance of infinite intelligence, have culminated 
in the beautiful creation of which we form a part. 
And the geologist, taking up this strange history 
where the astronomer and cosmogonist left off, fancied 
that he could trace in the stony record the continua- 
tion "of the same great world- change. In the earlier 
pages of the record he found evidence for the former 
existence in the British area, of tropical conditions 
that seemed gradually to fade away as he continued 
his researches into the later chapters of geological 
history. So that he found, or fancied he found, a 
slow transition from an age of tropical forests and 
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warm oceans to the temperate climate which wc at 
present enjoy. ]3nt the rapid accumulation of facts 
proved fatal to this as to many other theories. It 
is no longer questioned that the climates of the past 
were due to the very same causes by which the 
climates of the present are brought about. The 
earth, no doubt, still radiates heat into space, but 
in considering the history of the past, so far back as it 
is revealed by geology, this cooling of the earth may 
safely be disregarded. The climates of the world in 
our times vary according to the proportion of heat 
received either directly or indirectly from the sun, 
and so it must have been during all the ages of which 
any records have come down to us. At the veiy 
earliest time of which the geologist can speak with 
confidence, the climates of the world were probably 
as well-marked as they are now. We must look 
elsewhere than to the secular cooling of our globe 
for the causes which have at several periods induced 
a mild and even genial temperature within the Arctic 
Circle — ^periods during which the whole northern 
hemisphere enjoyed a kind of perpetual sununer. 
•For we know now that such genial conditions had 
been preceded and were eventually succeeded by 
climates of more than arctic rigour, when our hemi- 
sphere, which had luxuriated in one long-continued 
summer, became the scene of great snow-fields and 
glaciers and fioating ice. This alternation of genial 
climates with arctic conditions, obviously cannot be 
accounted for by the cooling of the earth, due to the 
radiation of its central heat into space. If wc find 
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the remains of full-grown trees in Greenland, and 
ammonites and corals even farther north, we may 
be quite sure, that, owing to some cause, apparent 
or obscure, these regions must at one time have 
received from some external source a greater pro- 
portion of heat, either directly or indirectly, than 
they do now. And so, conversely, if in our own 
laud we discover traces of great snow-fields and 
massive glaciers, we cannot hesitate to conclude, that 
in the ages when such frigid conditions prevailed, 
this area was deprived of much of the heat which 
now reaches it. But if this be so, we may well ask 
what the nature of that action is which can alter- 
nately visit our hemisphere with long-continued ages 
of fruitful summer, or render it bleak and barren 
with perpetual snow and ice. 

There have been many attempts to account for the 
phenomena. Some have speculated upon the possi- 
bility of the whole solar system travelling onwards 
through the boundless realms of space, and passing 
in its course through warmer and colder tracts than 
that in which it now moves. When the sun with 
its attendant orbs swept through those hypothetical 
warm regions, the whole climate of the world it 
was supposed would be affected, and tree-ferns 
and cycads would then flourish within the Arctic 
Circle, while the northern seas would be tenanted 
by large chambered shells and corals. But when, 
on the other hand, the colder abysses of space 
were traversed, a total change of climate would 
be experienced 5 the luxuriant vegetation would 
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fade away from the polar regions, and a bleak 
ice-cap would cover the poles of the globe and 
spread outwards as the cold increased, until the 
snow and ice might reach down to latitudes like 
our o-wn. 

Others, again, have imagined a change in the 
position of the earth’s axis of rotation, due to the 
elevation of extensive mountain tracts somewhere 
between the poles and the equator. This, they think, 
would be sufficient to shift the axis so as to eonfer 
upon regions which once were circumpolar, the 
temperature of lower latitudes. But it has been 
demonstrated that the protuberance of the earth at 
the equator, so vastly exceeds that of any possible 
elevation of mountain masses between the equator 
and the poles, that any slight change which may 
have resulted from such geological causes, could have 
had only an infinitesmal effect upon the general 
climate of the globe. 

Another iugenious writer sought to account for the 
remains of large trees that are found in Greenland, 
and for the traces of glacial cold m this country, by 
considering whether it might not be possible that the 
external crust or shell of the globe had actually slid 
round its fluid or semi-fluid nucleus, so as to bring 
the same areas of the external surface under very 
different conditions. Thus it was suggested that 
lands, which at one time basked under a tropical 
sun, might, in the slow course of ages, be drifted to 
some more northern region, while countries which 
had for long years been scaled up in the ice of the 
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Arctic Circle migM eyentually slide down to tempe- 
rate latitudes. 

But the theory which has taken firmest hold of the 
geological mind, is that so strenuously upheld by Sir 
Charles Lyell. This theory maintains that the cli- 
mates of the past may be accounted for by that 
continuous change in the distribution of land and 
sea which has been going on all through the geologic 
ages. There is no fact more patent than that sea and 
land have frequently changed places. What are the 
rocks, of which the continents are mainly composed, 
but the hardened sediments of mud and sand that 
gathered upon the floors of ancient oceans ? And 
what are aU our so-called “formations” but just 
so many fossil sea-bottoms, as it were, piled one on 
top of the other ? In the loneliness of the desert, in 
the streets of populous cities, in deep valleys, and on 
the crests of lofty mountains — everywhere we meet 
with traces of the sea. Along some coast-lines 
abundant evidence shows that the land is sinking 
down, and the sea slowly but surely gaining ground. 
In other regions the reverse takes place — ^the shores 
extend and the sea retreats. Such changes are due 
to those mysterious subterranean forces that give 
birth to earthquakes and volcanoes, and every bed 
of rock testifies to their unceasing activity. And, 
therefore, when this theory asks us to believe that 
the distribution of sea and land must sometimes 
have been very different to what it is at present, we 
are asked nothing which the facts do not fully justify 
us in admitting. 
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Lyell conceives, that, if land were massed ehiefly in 
the region of the equator and the tropics, the climate 
of the globe would be such that tree-ferns might 
grow luxuriantly on any islands that might happen 
to lie within the Arctic or Antarctic Circle. For the 
land, heated to excess under the equatorial sun, 
would give rise to warm currents of air, which, 
sweeping north and south, would carry with them 
the heat of the tropics, and thus temper greatly the 
climate of higher latitudes. And some such condition 
of things, he thinks, may have obtained during, for 
instance, the Carboniferous period,* when tree-ferns 
and their allies flourished within the Arctic Circle. 
On the other hand, were the land to bo grouped 
chiefly round the poles, the reverse of all this, ho 
believes, would come about ; for with no land under 
the equator to soak up the heat of the sun, and 
give it to the winds to carry north and south to 
polar regions, the climates of the northern and 
southern hemispheres would be so greatly affected, 
that snow and ice would then gather upon the 
ground, and creep gradually outwards down to 
those low latitudes where we now meet with their 
traces. 

In those interesting speculations it will be observed 
that Sir Charles considers the atmosphere as the chief 
medium by which the heat derived from the sun is 
carried from one latitude to another : one of the 
principal reasons he gives for the intenser cold of the 


* For Table of Geological Formations see Appendix, Note A. 
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Antarctic as compared with the Arctic regions, being 
the absence of land in the south temperate zone, 
where its presence would warm the atmosphere and 
so give rise to genial winds. It may be questioned, 
however, whether such would be the result. It 
seems more likely that the presence of land in the 
quarter referred to would only serve to increase the 
cold by affording another gathering-ground for snow 
and glaciers. Even if we supposed the land to 
remain uncovered with snow, and to succeed in 
warming the atmosphere, it is difficult to see how 
this could have any effect in ameliorating the climate 
of the higher latitudes about the pole. The heated 
air would certainly rise and flow towards the pole, 
while a cold under-current would set from the pole 
to restore the equilibrium. Long before the north 
wind, however, arrived at its destination, it would 
have radiated all its heat into the colder regions of 
space, and so would eventually reach the surface of 
the earth in its progress towards the pole as a cold, 
and not a warm wind. 

On the same principle it does not appear likely 
that the massing of the land in the tropics, and 
under the equator, would have the effect which is 
supposed. The air, heated to excess over the equa- 
torial and tropical regions, would, of course, rise and 
flow towards the poles, but its warmth would he 
filched from it, and dissipated into space before it 
could again return to the level of the sea. Thus, 
even supposing most of the land to be distributed 
between the tropics, it is evident that, as far as aerial 
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currents themselves are concerned, the temperature 
of the seas about the poles might never rise above the 
freezing point, while any islands that might chance to 
lie within the Arctic and Antarctic Circles would be 
sealed up iu persistent snow and ice. 

The south-west winds, to which in the present eco- 
nomy of things we are indebted for the temperate 
character of our climate, do not derive their heat 
directly from the equator. The equatorial heat which 
they carry upwards is taken from them in their lofty 
flight towards the north, and thus they reach the level 
of the sea as cold, dry winds. But, blowing for many 
leagues in the Atlantic athwart the heated waters of 
the Gulf-stream, they gradually become warmed again 
and laden with moisture, and this warmth and mois- 
ture they yield up when they reach our coasts. Were 
there no broad currents of warm water setting towards 
the north, fr’om which the cold dry winds on their 
descent to the sea-level might receive warmth and 
moisture, there is good reason to believe that the 
temperature of the northern hemisphere would be 
greatly depressed, and the cold of the arctic regions 
might then equal in intensity that of their antipodes. 
Were it not for the genial influence of the Gulf-stream, 
Scotland would experience a climate as severe at least 
as that of Labrador, while the greater part of Norway 
would be uninhabitable. As it is, however, the tem- 
perature of the winter at Hammerfest, in thd north of 
Norway, is only 9° below the freezing point, while in 
the same latitude in Greenland the winter temperature 
zero ; the difierenoe in sxunmer being 41* 
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in Greenland and 50° at Hammerfest. Again, the 
temperature in the month of January in Caithness 
(68° N. lat.) is about 36,° or 4° above freezing point ; 
but in the same latitude in Labrador the winter tem- 
perature falls to 4° below zero ; and the winter tem- 
perature of Caithness is not attained on the American 
continent until we descend to 39° N. lat. on the 
shores of Chesapeake Bay. Lisbon, which is in 
the same latitude as the last-named place, has a 
winter temperature of about 47°, or 15° above freez- 
ing point. . 

These wide differences arise solely from the presence 
of the Gulf-stream. That great current of warm water, 
coming from the equatorial regions, washes all the 
western shores of Europe from the coast of Spain to 
the north of Norway. It laves the shores of Nova 
Zembla, and can even be traced north of Spitzbergen, 
where its waters are still appreciably warmer than 
those of the surrounding seas. The air in contact 
with this broad ocean-stream is everywhere warmed, 
and the wrinds licking up the heated water as they 
sweep across the Atlantic reach Europe laden with 
moisture, which is condensed and precipitated as soon 
as the winds are cooled by coming in contact wdth 
high tracts of land or with colder strata of air. For 
this reason our west coasts, which are the first to 
receive the winds, enjoy a more genial, but at 
the same time a more humid climate than the 
corresponding latitudes on the other side of the 
island. 

The differences of temperature resulting from the 
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presence or absence of oceanic currents become still 
more striking when we compare the climates of inland 
tracts like central Siberia with the corresponding 
latitudes in western Europe. At Jakutsk, Siberia, 
(62° N. lat.), the mean winter temperature is 36°‘6 
below zero, and the thermometer has registered as low 
as 40° below zero. But Jakutsk lies only some 6° 
fiirther north than Edinburgh, and is in nearly the 
same latitude as Bergen, where the temperature of 
January is not under 32°, or freezing point ; while 
the western shores of Nova Zembla, lying between 
latitudes 71° and 76° N., have a winter temperature 
of about 10° above zero. This last example is exceed- 
ingly striking. 

But perhaps the best way to get an adequate con- 
ception of the influence of a warm ocean current upon 
climate is to trace out a line of equal temperature. 
If every portion of the globe received all its heat 
directly from the sun, and were there no such dis- 
turbing influences as marine currents, winds, &c., then 
a line traced through all those places which enjoyed 
the same degree of warmth would of course run due 
west and east, and would correspond in direction with 
a parallel of latitude ; in short, a place would be warm 
or cold according as it approached or receded from the 
equator. But owing to a variety of causes (chief 
among which is the influence exerted by marine cur- 
rents and winds), this is not exactly the case. The 
lines are always undulating, and often rapidly so. Let 
us follow, for example, the isochimenal line * of -4- 14’ 
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from Asia into Europe, and we shall find it crossing 
several parallels of latitude instead of conforming in 
direction to these. Taking it up a little to the east 
of the Caspian Sea, in lat. 45° N., we follow it as it 
undulates northward to lat. 55° I^., not far from 
Smolensk. It then strikes due north until it reaches 
60° N. lat., a little east of Petersbmg, after which it 
trends north-west and west, crossing the Gulf of Both- 
nia in 64° H. lat. Its direction is now south-west, to 
61° H. lat. in the south of Norway, and after this it 
suddenly curves round and doubles upon itself, run- 
ning away to the north-east and keeping parallel to 
the Norwegian shores, but at some distance from the 
sea, for it intersects only a few of the longer fiords 
with which the coast-line of Norway is indented^ 
After this it turns more to the east, still keeping 
parallel to the shore, crosses and recrosses 70° N. lat., 
turns to south-east, and finally terminates on the bor- 
ders of Finland in lat. 68°. All places to the north 
and north-east of this line have of course a colder 
winter temperature than places south and south-west.* 
In short, as we proceed inland from the western shores 
of Europe, we find the cold of winter becomes more 
and more intense the further we penetrate into the 

interior, until central Siberia is reached, where we 

«> 

winter) ; of summer, imtheral (ctroc, equal, 9ipoQ, summer) ; while 
those indicating equal annual temperature are known as isothermal lines 
(tffof, equal, OippbQ, heat). See Charts at end of volume. 

* The wonderful manner in which this line is deflected to the north is due 
primarily to the influence of the Gulf-stream. Nor can we estimate too 
highly that influence, which succeeds so far in overruling the effect of mere 
latitude, as to he able to confer the same temperature on places situated so. 
^ apart as the borders of the Caspian Sea, Petersburg, and the north of 
Norway. 
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meet with a winter truly arctic, outside of the Arctic 
Circle. Before the south-west winds, which temper 
our winter, can reach this distant region, they are 
robbed of aU their warmth, and only tend to iucrease 
the cold. 

Thus much, then, is certain, it is the currents of the 
sea that are the chief carriers of heat from the tropics 
towards the pole ; and such being the case, it seems 
quite reasonable to conclude that were the area over 
which the sea is heated and warm currents formed to 
be materially limited, as must certainly have been the 
case had the great continental masses ever been con- 
gregated within the tropics, then the chief secondary 
source of heat supplied to the temperate and frigid 
zones would be diminished, and the climates of those 
areas would become colder than they are at pre- 
sent. 

While it is extremely imUkely, therefore, that a 
great accumulation of land within the tropics would 
have any ameliorating influence whatever on the cli- 
mate of the poles, it may be admitted that were the 
continents to be grouped immediately round the poles, 
an excessively cold climate might possibly result. 
This low temperature, however, would not be due to 
the chilling influence of cold winds blowing from the 
south. Were an excessively cold climate to be the 
consequence of such a distribution of land as that last 
referred to, the low temperature would doubtless be 
caused by the exclusion of oceanic currents. It is 
quite possible that, among the many vast geologic 
changes which have taken place, the land may at some 
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time in the past have been so closely gathered round 
the poles as to exclude the sea to comparatively low 
latitudes. If such had ever been the case, a vast 
breadth of land would then circle round the north 
pole, along the borders of which wet winds coming 
from the sea would deposit their moisture. But long 
before these winds could reach any great distance 
towards the interior of the supposed arctic continent, 
they would necessarily part with all their moisture, 
and arrive at the circumpolar regions as dry winds. 
In these regions, therefore, there could not be any 
accumulation of snow and ice. It is clear, then, that 
if wo exclude the sea from our hypothetical arctic 
continent, we shall certainly lower the temperature of 
the polar climate ; but wo shall not on that account 
produce a glacial period, for the exclusion of the 
sea means absence of damp winds, and conse- 
quently no deposition of snow and no accumulation 
of ice. 

But although it is possible, yet at the same time it 
is very improbable, that the land ever was so closely 
aggregated around the polos as to exclude the sea to 
comparatively low latitudes. All analogy would lead 
us to infer that even during the greatest extension of 
land in arctic and antarctic regions the ocean must 
have indented this laud with broad straits, with fiords, 
inlets, bays, and seas. Supposing then that, with Sir 
Charles Lyell, we imagine all the continents, shaped 
as they are now, to be grouped around the poles and 
a vast sea to extend over equatorial and tropical 
regions ; what, let us ask, would be the result ? Why 
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STirely this, that a much wider extent of sea 
being exposed to the blaze of the tropical sun, 
the temperature of the ocean in equatorial regions 
would rise above what it is at present. This warm 
water, sweeping in broad currents, would enter 
the polar fiords and seas, and everywhere heating 
the air, would cause warm moist winds to blow 
athwart the land to a much greater extent than 
they do at present; and these winds, thus distri- 
buting warmth and moisture, might render even the 
high latitudes of north Greenland habitable by civi- 
lised man. 

But on any supposition, it is impossible to conceive 
of such a distribution of land and sea as would cause 
an infiux of warm water into the frigid zone of suffi- 
cient extent to raise the whole temperature of the 
arctic regions, so as to permit the growth of tree- 
fern's in the higher latitudes, and to nourish in the 
depths of the polar seas reef-building polyps and 
chambered shells of species resembling in general 
appearance those that arc met with only in the genial 
waters of the sunny south. "Were a greater body of 
warm water than the present Gulf-stream, owing to 
some revolution of the earth’s surface — some readjust- 
ment of the relative position of sea and land — to fiow 
into the arctic regions, it would doubtless bring about 
some ameliorating effect upon the climate ; but, as I 
have said, we can hardly imagine that a mere redis- 
tribution of the land would induce currents of warm 
water to fiow from the tropics towards the pole in 
such immense volumes as to preclude the possibility 
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of ice fonning within the Arctic Circle. And we know 
that there have been times in the past when snow and 
ice either did not occur within the Arctic Circle, or at 
all events could have been present only in very small 
quantities. Not much certainly could fiave floated in 
the polar sea that nourished the delicate corals 
and molluscs, whose fossil remains have been disin- 
terred from the rocks of the bleak shores of the Arctic 
Ocean. In our day, at all events, reef-buildmg corals 
• do not live in seas the temperature of which is under 
66°. Nor is it in any degree likely that while the 
vegetation of the coal-measures was flourishing in what 
is now the frigid zone, large glaciers could have de- 
scended from the higher grounds of those regions in 
broad, deep streams, so as to reach the sea as they do 
in our day. If glaciers did exist at all, they must 
have been few and local, and confined to the recesses 
of lofty mountainous tracts, did any such elevated 
areas happen to exist within the arctic regions at that 
time. 

It would really seem, then, after allowing all pos- 
sible influence to such geological changes as may have 
resulted in redistribution of land and sea, that these 
changes yet fail to solve the problem before us. No 
doubt climates may be and have been varied re- 
peatedly by local disturbances of level, by sub- 
mergence here and elevation there. But, however 
extensive such changes may have been, yet their 
influence could not so far affect the general climate 
of the globe as to confer at one and the same time 
upon the whole northern hemisphere, down to low 
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latitudes of the temperate zone, a severe arctic 
climate, and at another period a climate warm and 
genial, with no extremes of heat and cold, but a kind 
of perpetual summer/ 

* The reader rrih find this interesting question discussed by Mr. CroU in 
Fhilosophtcal Magazine for Feb. 1870, Oct. 1870, and Oct. 1871. 



CHAPTER IX. 

CAUSE OF COSMICAL CHANGES OF CLIMATE — Continued. 

Failure of geologists to furnish an adequate theory. — Astronomical phe- 
nomena may perhaps afford a solution. — Movement of the earth on its 
own axis and round the sun. — Eccentricity of the orbit. — Precession of 
the equinoxes. — Nutation. — Obliquity of the ecliptic. 

SEEING that the phenomena of elevation and 
depression fail to aecount for such great cosmical 
changes of climate, is it not possible that a solu- 
tion of the problem may bo found in the relations 
of our planet to the sun ? Geologists of the modem 
school have always been jealous, and justly so, of 
attempts to explain or account for the facts of their 
science by reference to causes other than those they 
see at work in the world around them. And perhaps 
the frequent failui'e of physicists and astronomers to 
frame a satisfactory theory for those great changes 
of climate to which the rocks bear emphatic testimony 
may sometimes have been viewed by geologists with 
a kind of secret satisfaction. Of late years, however, 
the opinion has been gaining ground among our 
hammer-bearers that in this matter of cosmical climate 
they must, after all, be content to follow the guidance 
of the astronomer and the physicist, seeing that their 
own pianciples refuse, in this particular at least, to 



from that of another, and as tlic circle of knowledge 
widens boundar)' divisions become more and more 
difficult to determine. Perhaps of no physical science 
is this more true than that of geology. At one time 
the investigator into the past histury of our globe had 
the field almost entirely to himself, and the limits 
of his study were as sharply defined as if they had 
been staked off and measured, Now, however, it 
would be hard to say on which of the territories of his 
scientific neighbours he must trespass most. He 
cannot proceed far in any direction without coming 
in contact with some worker from adjacent fields. 
TTia studies are constantly overlapping those of the 
sister sciences, just as these in turn overlap his. It 
will, therefore, only be a further proof of the xmity 
of Nature if those intricate problems which have 
hitherto baffled the geologist should eventually bo 
solved by the researches of astronomers and the 
conclusions of physicists. 

I have already referred briefly to certain astro- 
nomical and physical theories which have from time 
to time been advanced in explanation of the grand 
climatic changes we have been considering. Of those, 
as I have indicated, some are too problematical to 
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be relied upon as guides in our inYestigations into 
the origin of cosmical climates ; while the most pro- 
bable of them all, that, namely, which is supported 
by Sir Charles Lyell and many geologists of the 
modem school, appears to be inadequate to explain 
the more important phenomena. 

Now, if all these theories be rejected, what have 
we to supplant them ? Well, there are certain con- 
siderations arising from the fact that, when long ages 
are taken into account, our earth upon its circuit 
round the sun and in its own diurnal revolution 
does not always hold exactly the same position with 
reference to the sun. But before entering upon these 
considerations it may be well to remind the reader 
of certain astronomical data, without a thorough com- 
prehension of which it will be impossible to convey 
a clear conception of the theory which I shall attempt 
to describe. 

There arc, as every one knows, two principal move- 
ments proper to the earth. The first of these is its 
translation through space, during which it circles 
round the sun from west to east, and gives us the 
succession of the seasons in a period of one year. The 
second movement is that of rotation on its own axis, 
a movement which, as no one needs to be told, results 
in the phenomena of day and night. 

The orbit or path described by the earth round the 
sun is not exactly circular, but rather an ellipse, and 
this elliptical path is known to astronomers as the 
ecliptic. Neither is the sun placed quite in the 
centre of the ecliptic or orbit, but somewhat to one 
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end of it, or, in other words, it occupies one focus 
of the ellipse, so that the earth, during its annual 
revolution, is nearer or farther from our great 
luminary according as it approaches or recedes from 
that focus of the ellipse in which the light-giver 
hangs. The point in the ecliptic at which the earth 
approaches nearest to the sim is called perihelion.^ and 
the point where it reaches its greatest distance from 
that luminary becomes in astronomical language its 
aphelion. But it must not be supposed that the earth 
as it journeys year by year round the sun, pursues 
always exactly the same elliptical path. The attrac- 
tions of the other planets arc producing day by day 
a slow change on the shape of its orbit : in this way 
its track approaches at one time nearly to a circle, 
and at another time has a more oval and flattened 
outline. But these deviations are confined within 
certain limits, between which they are constantly 
oscillating backwards and forwards. The eccentricity 
during a long lapse of years goes on decreasing till 
it sinks to a minimum value, and the orbit then 
approaches most nearly to a circle, without, however, 
ever becoming actually circular. After passing this 
point the eccentricity begins to increase, and the 
orbit becomes more and more flattened, till a 
maximum eccentricity is reached. Then the cycle 
of changes comes slowly round again in reversed 
order I the orbit gradually draws nearer and nearer 
to a circle till a minimum is arrived at, when it again 
begins to grow elliptical, and continues to alter in 
this direction till the next maximum is reached. At 
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present, the path is slowly approaching the more 
circular route, and in about 24,000 years from this date 
the eUipticity will reach one of the minimum points. 
After that the earth wiU again begin to follow a 
more and more elliptical course round the sun, until, 
when thousands of years have elapsed, its orbit shall 
have attained its maximum eccentricity; and then 
the eUipticity will again slowly diminish as before. 
It is important to notice that the intervals between 
consecutive turning-points are very unequal in length, 
and the actual maximum and minimum values of the 
eccentricity are themselves variable. In this way it 
comes about that some periods of high eccentricity 
have lasted much longer than others, and that the 
orbit has been more elliptical at some epochs of high 
eccentricity than at others. 

When the maximum of eUipticity is attained, the 
earth in aphelion wiU, of course, be farther from the 
sun than it is now, at that point in the ecliptic ; while 
on the other hand, the earth in perihelion will be 
nearer. At present, the earth in apheUon is distant 
about ninety millions of miles from the sun, but 
when the eccentricity of the orbit is at its superior 
limit, in other words, when the planets by the force 
of their attraction have succeeded in pulling the earth 
as far from the sun as they can, the earth in aphelion 
wiU then be rather less than ninety-eight and a 
half miUions of miles from the sun, or eight and 
a half miUions further than it is at present. Of 
course the reader wiU understand that while the 
earth’s orbit varies in its degree of eUipticity, the time 
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taken by the earth to complete a revolution round 
the sun never does. All that the planets do is to 
modify the shape of the path traversed by the earth. 

Besides its movement of translation through the 
heavens round the sun, the earth, as we know, 
revolves or rotates on an axis of its own. Now 
this axis is inclined to the plane of the ecliptic at 
a certain angle which we will for the present consider 
to remain constant, so that the axis is always parallel 
to itself. This is as much as to say that an imaginary 
line continued through the poles to the skies will 
be found to touch nearly the same vanishing point 
in the heavens all the year round, so that no matter 
what the season may be — winter, spring, siunmer, or 
autumn, nor whether the earth is in aphelion or peri- 
helion, a pole will always point in one and the same, 
direction — ^the point m the heavens to which our 
north pole is directed being situate quite near to the 
Pole star. 

If we draw through the centre of the sun a plane 
parallel to the earth’s equator, this will cut the earth’s 
orbit at two points, which are termed the vernal and 
autumnal equinoxes. The two points half-way between 
the equinoxes are called the summer and winter 
solstices. On the days when the earth passes through 
the equinoxes the day and night are of equal length 
all the world over. As the earth leaves the vernal 
equinox the days in the northern hemisphere begin 
to get longer than the nights, and continue to increase 
in length up to the summer solstice; they then 
decrease till the autumnal equinox is reached, when 
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day and night are again equal. In other words, the 
time taken by the earth to pass from the vernal to the 
autumnal equinox is our summer half of the year. 
In exactly the same way, the time occupied by the 
earth in travelling from the autumnal to the vernal 
equinox is our winter half of the year, when the 
days are shorter than the nights. A very little 
consideration wiU show that in the southern hemi- 
sphere just the opposite condition of things exists : 
while it is our summer they are passing through their 
winter half of the year, and summer comes to them ’ 
at the same time as Avintcr is passing over our heads. 
Further, it happens that our mid- whiter now occurs 
very nearly when the earth is in perihelion, or at 
that point of its annual circuit which is nearest to the 
sun, and from this important consequences flow. If we ' 
look at the two portions into which a line joining the 
equinoctial points divides the earth’s orbit, we shall 
see that one is longer than the other. It is the 
shorter bit of the two which corresponds to the 
winter of the northern hemisphere, and moreover this 
is just the part of its path over which the earth, on 
account of its greater proximity to the sun, moves 
fastest. Both these causes work together to make 
our winter at present shorter than our summer. In 
fact, if we compute from the 20th March, or vernal 
equinox, to the 22nd September, or autumnal equinox, 
we shall find that the earth takes 186 days to swing 
round that portion of its circuit within whieh the 
northern hemisphere has its spring and summer — ^the 
other half of its orbit, which brings the southern 
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hemisphere its summer and us our winter, being 
traversed in 179 days: so that the summer period 
of our antipodes is seven or eight days shorter than 
our own. 

Such is the arrangement of the seasons in the two 
hemispheres at present — our summer occurs when the 
earth is in aphelion, and is longer than our winter, 
while that of the southern hemisphere arrives in peri- 
helion, and the winter is now there longer than the 
summer. But this arrangement has not always 
obtained. There was a time when our hemisphere 
had its winter in aphelion, and a period wiU again 
arrive when the present condition of things will 
be reversed, and the seasons in the two hemi- 
spheres will completely change. That is to say that 
our December solstice, instead of being our winter 
will become our summer, while our future winter 
solstice will happen in what are now our summer 
months. This great change is effected by a move- 
ment which is known as the precession, of the 
equinoxes. 

It is not strictly true that the axis of the earth 
always remains, as we have been hitherto supposing, 
parallel to itself : for short periods this is nearly true, 
but nevertheless there is a slight change going on, 
which in the course of ages comes to be considerable. 
The attraction of the sun and moon on the protuberant 
parts of the earth around the equator axe for ever, by 
their unequal pull, causing the axis slightly to shift 
its position, and the sum total of these displacements 
results in the motions known as precession and nutation- 
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It is the first of them only with which wo arc specially 
concerned : it may be thus illustrated. Take two 
straight sticks, unite one end of one to one cud 
of the other by a loose joint, and connect the other 
('nds by a bit of string; now while one stick is 
hold steadily at rest, move the other stick round 
it, so that the string is always kept tight ; the 
motion of the second stick will then resemble, in 
everything except speed, the movement of the earth’s 
axis known as precession. The extremity of the 
movable stick evidently describes a circle in space, 
and if we in imagination conceive the axis of the earth 
to be prolonged so as to touch the heavens, we should 
find that in the great eyclc of its revolution the end of 
the imaginary lino we had protracted would trace out 
a circle among the stars. Now, bear in mind that 
the equinoxes are the points where a plane through 
the sun’s centre, perpendicular to the earth’s axis, 
cuts the earth’s orbit. Since the axis is always in 
motion, this must also be the case with this plane, 
and therefore with the equinoxes. As the axis 
swings round it necessarily carries the last with it, 
and they travel along the ecliptic in a direction 
opposite that of the earth’s annual revolution; and 
calculations show that the average distance traversed 
by them in a year is just what would bo passed over 
by the earth in twenty minutes and twenty seconds, 
so that equal day and night come to us every year 
some twenty minutes earlier than they did the year 
before. Thus the places on the earth’s orbit of those 
points on which the seasons depend are constantly 
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shifting round. Tho summer solstice, for instance, 
will not always, as now, nearly coincide with the 
aphelion, it will slowly draw up to the perihelion, 
and we shall then have a disposition of the seasons 
corresponding to that wliich now obtains in the 
southern hemisphere: aftemards, a continuation of 
the motion will as slow'ly bring round again our 
present arrangement. 

This great oscillatory movement would run through 
a complete cycle in about 2G,000 years, were it not 
for another complex movement, due to the action of 
tho planets, which succeeds in shortening the great 
cycle by some 5,000 years ; so that in half that time, 
or 10,500 years, our seasons will have completely 
changed, and the northern will then assume tho 
arrangement of the seasons which at j)rescnt charac- 
terizes the southern hemisphere. In 10,500 years more 
the equinox will regain its initial position, and the 
distribution of the seasons that now obtains will retxiru. 

This movement of the axis is effected by tho attrac- 
tions of the sun and moon, which act unequally on 
the globe, owing to tho fact that our earth is not an 
exact sphere, but somewhat flattened at the poles and 
swollen at tho equator. If tho world were a perfect 
sphere no such inequality of action could take place, but 
the axis would always remain exactly parallel to itself. 

The portion of the motion of the earth’s axis called 
nutation consists in small deviations, first to one side 
and then to the other, from the position it would have at 
any time if precession alone were taken into account. 
It is as if tho string in our illustration were slightly 
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clastic, and kept alternately lengthening and shorten- 
ing itself a little. Under these circumstances the 
path of the end of the movable stick will bo like 
the edge cf a circular disc with a very slightly 
crimped or wavy outline ; and this is the character 
of the path actually described by the pole of the 
earth’s axis in space. The effect of nutation is 
alternately to increase and diminish the inclination 
of the equator to the ecliptic, but its amount is 
so very small that for all the purposes we are now 
concerned with it may bo neglected. Nevertheless 
astronomers have long been taware that this inclina- 
tion does vary to a greater degree by reason of a 
movement duo to the joint action of all the planets. 
This movement is at present gradually bringing the 
e.arth’s equator to coincide more nearly with the 
plane of the ecliptic. The effect of this change in 
the angle at which the axis is inclined to that plane 
is of course to lessen the dumtion of the long day and 
night at both polos. And if it wei-e j)ossible for the 
obliquity to entirely disappear, and the plane of the 
ecliptic to coincide exactly with that of the equator, 
there would then be no difference in the day and night 
in any part of the world during the year. But the 
limits within which the position of the axis, with 
reference to a fixed point in the heavens, can thus 
change are very moderate. After a vast succession 
of ages, the obliquity which just now is diminishing 
will again increase until it reaches its maximum of 
24° 50' 34". This is a very small change in the angle 
of inclination after all, but Sir John Ilci’schel thought 
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that, if millions in place of thousands of years were 
taken into account, the maximum change in the 
obliquity might increase to 3° or even 4° on each side 
of the mean. With such a change as this the polar 
day and night would of course lengthen out, for the 
farther the axis bends over towards the sun the 
larger must be the area round the poles illuminated 
in the long summer day, and conversely the broader 
must be the extent over which in winter-time the 
polar night will prcA^ail. 



CHAPTER X. 

CAUSE OF cosMiCAL CHANGES OF CLIMATE — Continued. 

EiToot of VHi-iatioii of the eccentricity of the earth’s orhit. — Sir J. Horschel’s 
opinion. — Arago’s. — Purely astronomical causes insufficient to aflord a 
solution of the problem. — Mr. CroU’b theory. — Changes of climate result 
indirectly from astronomical causes. — Physical effects of a high eccen- 
tricity of tho orbit. — Extremes of climate at opposite polos. — Modifica- 
tions of the course followed by ocean-currents. — Perpetual summer and 
perennial winter. — Pnysical effects of obliquity of the ecliptic. — Suc- 
cession of climatal changes during a period of high ec(*entdcity. 

^PHE possible bearing that astronomical phenomena 
might have upon the climate of our globe has not 
infrequently engaged tho attention of astronomers. 
Sir John Herschel was inclined to admit that varia- 
tions in the eccentricity “ may he productive of con- 
siderable diversity of climate,” and might so operate 
during great periods of time “as to produce alter- 
nately in the same latitude of either hemisphere a 
perpetual spring, or the extreme vicissitudes of a 
burning summer and a rigorous winter.” And he 
was also of opinion that, owing to the precession of 
the equinoxes and the shifting of the earth’s axis by 
another movement, these strongly contrasted condi- 
tions would gradually be transferred from one hemi- 
sphere to another. Hence he thought it not improbable 
that some of the indications noted by geologist*, of 
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widely different climates having prevailed at former 
epodtis in the northern hemisphere, might in part at 
least be accounted for. 

Other eminent astronomical writers, among whom 
was Arago, came to quite a different conclusion, and 
were of opinion that no appreciable change of climate 
could possibly result from any variation in the ellipti- 
city of the earth’s orbit. The earth, they argued, 
receives the same total amount of heat in the aphelion 
as in the perihelion section of its orbit. And this, as 
we know, is due to the fact that our globe moves with 
greater velocity in perihelion than it docs in aphelion. 
Thus it happens that, although the southern hemi- 
sphere in perihelion is turned towards the sun, and 
must receive per diem a larger share of heat than 
the northern hemisphere derives in the same space of 
time in aphelion, yet the perihelion section of the orbit 
is quickly travelled ; so that greater nearness to the 
sun only serves to make up for the short time the earth 
keeps in that position, just as in aphelion the greater 
distance of the earth from the sun is exactly counter- 
balanced by the longer time our globe remains 
exposed to the solar rays. Nor does it matter, said 
some of the astronomers, to what extent the ollipticity 
of the orbit may vary — for it may reach the very 
highest degree of eccentricity, and yet the equal dis- 
tribution of the sun’s heat in perihelion and aphelion 
must continue invariable. Any difference in the 
amomit of heat that might follow upon an increase of 
eccentricity, would, it was thought, rather take effect 
in bringing about a generally warmer climate for the 
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•whole world, than in producing a glacial period in one 
hemisphere and perpetual spring or summer in the 
other. And this conclusion was based on the fact that 
the total heat derived by the earth from the sun is 
inversely proportional to the minor axis of the earth’s 
orbit. 

Such were some of the arguments brought forward 
to show that cosmical changes of climate could not bo 
due to variations in the eccentricity of the earth’s 
orbit. Each of these arguments is strictly consonant 
■with well-ascertained fact, and cannot possibly bo 
gainsaid; and therefore it may at once bo admitted 
that purely astronomical causes alone will not account 
for that wonderful alternation of extreme climates to 
which the geological record bears witness. But in a 
remarkable paper published in 1864, Mr. Croll clearly 
showed that, “ although a glacial climate could not 
result directly from an increase in the eccentricity of 
the earth’s orbit, it might nevertheless do so in- 
directly.” At the present time the ollipticity of the 
orbit is such that the earth, when nearest to the sun or 
in the perihelion part of its course, receives in a given 
time one-fifteenth more heat than it docs in aphelion. 
Now, this being the case, it is quite evident that, did 
the earth travel round the stm at the same rate in all 
parts of its orbit, or, in other words, were the seasons 
of equal duration, the southern hemisphere, which has 
its summer in aphelion would not only, as it does 
now, receive more heat per diem than the northern, 
but its annual proportion woiild also be greatly in 
excess. But, as the reader has already bc'cn reminded, 
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this is prevented by the unequal pace at which our 
globe hurries on its way — ^the result being that both 
sections of the world receive the same yearly amount 
of heat. Mr. Croll points out that the present differ- 
ence between the two hemispheres, as regards the pro- 
portion of heat derived from the sun in a given time, 
would be vastly increased when the eccentricity 
reached its highest value. If at a period of maximum 
eccentricity the winter of our hemisphere should 
happen in aphelion, he thinks that we should then 
be receiving nearly one-fifth less heat during that 
season than we do now, and in summer-time, of 
course, nearly one-fifth more. But if, on the other 
hand, our winter should, as at present, fall in peri- 
helion, the effect of a great ellipticity he believes 
would be such as to annihilate the difference between 
summer and winter in the latitude of this country. 
And he grounds these conclusions upon pm’ely phy- 
sical conderations. 

During a period of great eccentricity of the earth’s 
orbit, the earth in aphelion would be rather more than 
eight and a half millions of miles farther from the sun 
than it is now, and the present long frigid winter of the 
southern hemisphere would then become still longer, 
and the cold much more intense. If it happened 
to be the northern hemisphere whose winter occurred 
in aphelion, of course similar climatal results would 
ensue, and the mean temperature of our winter would 
fall below the freezing point. Consequently, all the 
moisture precipitated in our latitude during that 
season would fall in the form of snow, and the British 
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seas would be frozen over. Nor would the greater 
proximity of our hemisphere to the sun in perihelion 
avail to free these islands from their frost. It is true 
that the direct heat received in perihelion during the 
summer of a period of great eccentricity would exceed 
that which we now derive during that season by 
nearly one-fifth ; but this intense heat, paradoxical as 
it may seem, would not give rise to a warm smnmer. 
The summers of North Greenland, we know, are 
colder than our winters, notwithstanding that the rays 
of the sun in that region are so strong as to melt the 
pitch on the sides of ships. Every one, indeed, has 
heard of the heat of the arctic sun, which shines 
day and night during the whole summertide. But 
despite the sun’s power, the mean temperature of 
summer in North Greenland does not exceed one or 
two degrees above freezing point, and this 'is entirely 
owing to the presence of snow and ice. Were it not 
for these, the sun would heat the ground, and the 
ground would impart its warmth to the atmosphere, 
and the summer temperature would then rise to some- 
thing like our oum. It is only in this way, or from 
passing over warm water, that the air can bo heated, 
for the direct rays of the sun pass through it without 
sensibly affecting it. Now in the polar regions the 
sun’s heat is used up chiefly in molting the snow and 
ice, and not in warming the ground ; so that compara- 
tively little of the summer heat finds its way into the 
atmosphere by radiation. Such being the case, it is 
not difficult to follow Mr. Croll when he argues that 
the sun, during a period of great eccentricity, would 
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not be able to give a warm temperature to that hemi- 
sphere whose summer happened in perihelion. An 
increased amount of evaporation would certainly take 
place, but the moisture-laden air would be chilled by 
coming in contact with the vast sheets of snow that 
had gathered during the long intolerable winter, and 
hence the vapour would condense into thick fogs, and 
cloud the sky. In this way the sun’s rays would to 
a large extent be cut off, and unable to reach the 
earth, and consequently the winter snows would not 
be all melted away. Nor, supposing there were 
drenching rains during the summer, would these 
suffice to dissolve more than one- eighth part of the 
snow and ice — for, as Mr. Croll remarks, “it takes 
nearly eight tons of water at 58° Fahr. to melt one 
ton of snow.” 

The accoimts given by voyagers who have sailed in 
the south polar seas are often highly interesting, as 
showing the great difference in climate between lands 
situated at the same distance from the polos in the 
two hemispheres. They all agree as to the intenser 
cold of the antarctic as compared with the arctic 
summer, and to the greater frequency of cold raw fogs 
in the southern polar regions. Captain Forster, of 
the Chanticleer, who spent several months making 
observations at Deception Island, mentions speeially 
the thick fogs and strong gales which he encountered. 
The fogs indeed were so frequent and thick, that for 
ten days neither sun nor stars were seen, and the air 
was so intensely raw and cold that Lieutenant Kendal 
did not remember to have suffered more at any time 
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in the arctic regions. And yet this was in January, 
the very midsummer of the south, and in a latitude 
corresponding to that occupied by the Faroe Islands, 
where the climate is much the same as in our own 
Shetland. Now, when we remember that this cold 
raw summer of the south happens while the earth 
is actually nearer to the sun than it is at the 
time the milder northern polar regions have their 
summer, we cannot but admit that mere proximity 
to the sun will not necessarily produce a warm 
season. 

At the time of greatest eccentricity, when the earth 
would bo nearer to the sun in perihelion than it is 
now, there can be no doubt that the heat received 
would bo correspondingly increased. But during the 
long winter of aphelion — ^longer by thirty-six days 
than the summer of perihelion — such an accumulation 
of snow and ice would have taken place, that even 
the diminished distance between the earth and sun in 
summer-time would be powerless to effect its removal ; 
and so it would go on increasing year by year, until 
all northern countries (winter happening in aphelion) 
down to the latitudes of these islands were swathed 
in a dreary covering of snow and ice. There would 
then bo a glacial period over our hemisphere, while at 
the antipodes a very different condition of things 
woidd obtain. Supposing, as before, that the preces- 
sion of the equinoxes had caused the summer of the 
southern hemisphere to happen at the time the earth 
was in aphelion, wo should then liave a climate for 
our antipodes exactly the opposite of that which, as 
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Mr. Croll has shown, a maximum eccentricity would 
confer upon the northern hemisphere. The heat 
received would be less in a given time, but then 
summer would be thirty-six days longer, while winter 
would be much milder, and correspondingly short, 
owing to the sun being nearer than in summer by 
more than eight millions of miles. The result of all 
this would be to equalise the seasons. There would 
be a long cool summer and a short genial winter, dur- 
ing which probably little, if any, snow would gather ; 
and thus there would be an approach to what 
Herschcl has called “ a perpetual spring.” 

There is another set of circumstances, however, 
which, according to Mr. Croll, would help powerfully 
to increase the difference between the two hemi- 
spheres. Along with many other eminent physicists 
and geographers, he maintains that the great constant 
currents of the ocean are due to the action of the 
trade-winds pressing upon the surface of the sea. 
Now the trade-winds exist, as every one knows, 
by reason of the unequal temperature of the atmo- 
sphere at the equator and the poles. The air is 
heated under the equator, and rises to flow towards 
the poles, while cold currents set from the poles 
towards the equator to restore the equilibrium. At 
present all the constant oceanic currents appear to 
flow out of the Antarctic Ocean. In this way the 
wide Equatorial Current is only a continuation of the 
great Antarctic Drift-current, which, flowing north- 
east, enters the Indian Ocean, sending one branch by 
the west coast of Australia northwards through the 
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Indian Archipelago, and another stream westwards, 
so as to strike the east coast of Africa. Leaving the 
Mozambique Channel, this great current now doubles 
the Cape, and then continues on its course north- 
westwards along the African coast, until eventually, 
sweeping across the whole breadth of the Pacific, it 
divides, one stream flowing south along the coast of 
Brazil, and the other striking for the Gulf of Mexico, 
from which, when it issues, it takes the name of the 
Gulf-stream. 

During such a glacial condition of things as would 
follow upon a great increase in the eccentricity of the 
earth’s orbit, the air in the northern hemisphere (sup- 
posing the winter of that hemisphere to occur in 
aphelion) would be chilled down to a very much 
lower temperature than in the con’espouding latitiides 
of the opposite hemisphere. And as such would 
necessarily be the case, it follows that the aerial cur- 
rents flowing from the polos to i*estorc the equili- 
brium which the upward set of the heated air under 
the equator had disturbed would be of unequal 
strength. The winds from the severe wintry north 
would sweep with much more vigour towards the 
equator than the opposite winds from the south pole. 
And hence Mr. Croll contends that with weaker 
winds blowing from the south the gi-eat Antai'ctic 
Drift- currents would be reduced in volume, while the 
subsidiary currents to which they give rise, namely 
the broad Equatorial and the Gulf-stream, would 
likewise lose in volume and force. And to such an 
extent would this be the case, that, supposing the 
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outline of the continents to remain unchanged, not 
only would the Brazilian branch of the Equatorial 
Current grow at the expense of the Gulf-stream, hut 
the Gulf-stream, ho thinks, would eventually he 
stopped, and the whole vast body of warm water that 
now flows north he entirely deflected into the southern 
oceans. For the same reason also the currents of the 
Pacific, which carry so much warmth from the tropics 
to the north* would also ho turned hack. If such 
were the case, we can easily conceive that the reduc- 
tion of temperature caused by the withdrawal from 
the north of all these great ocean-rivers of heated 
water would he something enormous. But so much 
loss to the northern hemisphere would he just so much 
gain to the southern, which would have its tempera- 
ture raised to such a degree that, in place of a “ per- 
petual spring ” there might well he “ perpetual 
summer ” within the Antarctic Circle. 

Besides an increased degree of cllipticity of the 
earth’s orbit, there is also another astronomical cause 
which may have no mean influence upon cosmical 
climate. This is a change in the obliquity of the 
ecliptic. We have seen that the axis of rotation, 
owing to the action of the planets, is compelled 

* The southern hemisphere has a cooler moan annual temperature than 
the northern, notwithstanding that both hemispheres receive from the sun 
exactly the same quantity of heat. This anomaly is usually explained by 
assuming that the southern hemisphere loses by radiation more heat than the 
northern, the w’inter of the former being colder and longer than that of the 
latter ; but Mr. Croll points out, with much apparent reason, that the cooler 
temperature of our antipodes cannot be so accounted for, but is duo rather to 
the constant transference of heat to the north by means of ocean currents, 
ncaily all the great curi’cnts originating south of the equator . — rhilonophical 
Mayazinet Sept. 18C9. 
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slowly to change the degree of its inclination to the 
plane of the ecliptic. At present this inclination is 
gradually growing less, and the effect of this is to 
shorten the long day and equally long night at both 
poles. Nor is it difficult to understand how, if this 
inclination disappeared altogether, and the axis of 
rotation then became perpendicular to the ecliptic, wo 
should have a perpetual equinox ; for the plane of 
our earth’s equator would then exaetly coincide 
with that of the ecliptic, and the sun’s light being 
equally diffused over one entire half of the globe, 
at the same instant of time, day and night would 
necessarily be of equal duration in all parts of the 
world all the year round. But, as wo know, the 
inclination of the earth’s axis can vary only within 
comparatively narrow limits. Narrow though these 
limits be, however, it is, to say the least, highly pro- 
bable that a change from a minimum to a maximum 
degree of obliquity could not take place without con- 
siderably influencing the climate of the poles. Mr. 
CroU has calculated that at the period of maximum 
obliquity, that is, when the poles in summer-time 
bend over towards the sun, so as to bring a wider 
area of the polar regions within the solar influence, 
there would bo “ one-eighteenth more heat falling at 
the poles than at present ” — ^an amount of heat which, 
were there neither snow nor ice at the poles, would 
raise the temperature within the Arctic and Antarctic 
Circles by something like fourteen or fifteen degrees. 

The precise time occupied in passiug from a mini- 
mum to a maximum obliquity has not as yet been 
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determined exactly ; Init during tliat prolonged period 
of great eccentricity which caused our glacial epoch, 
a maximum obliquity would no doubt be attained 
more than once. At this period there was, as we 
have seen, a vast accumulation of snow and ice in our 
hemisphere, consequent upon our winter occurring 
when the earth was farthest removed from the sun. 
Under such conditions an increase of obliquity could 
not, so long as the snow and ice remained, raise the 
temperature ; for the extra heat derived from the smi 
in the lengthened summer day would in a large 
measure be consumed in melting the snow and ice. 
But as there would be one-eightconth more snow and 
ice melted than at present, the polar ice-cap would bo 
reduced, and consequently the rigours of glaciation in 
our hemisphere would be diminished. To some 
extent, therefore, a change of obliquity would tend to 
neutralise the effects of a high degree of eccentricity. 

At the opposite pole, upon which a large eccentri- 
city had conferred a perennially warm and equable 
climate, the effects of increased obliquity would be to 
remove any ice that still remained, and in this manner 
to increase the general warmth of the atmosphere. 
When, upon the other hand, the obliquity had reached 
its minimum, the immediate result of that would be 
to increase the snow and ice in the northern hemi- 
sphere, and to give a somewhat cooler temperature to 
the southern. 

Thus, while we are considering the effect upon 
cosmical climate of a great increase of ellipticity of the 
earth’.H orbit, we must be careful to remember that an 
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increase of obliquity of the ecliptic will ever have a 
tendency to modify this. Nor, indeed, is it at all impro- 
bable that, when the eccentricity is very high without 
being actually at its maximum, the increase of heat 
due to an increased obliquity may be quite sufficient, 
so long as it lasts, to prevent any excessive degree of 
glaciation in that hemisphere whose winter happens in 
aphelion. 

We have already seen that a high degree of eccen- 
tricity would give rise to a whole series of physical 
changes — every one of whieh would tend to widen the 
difference of temperature between the opposite hemi- 
spheres. Now, if the obliquity of the ecliptic reached 
a minimum during our glacial epoch, as indeed it 
must have done more than once, tJie effect of great 
eccentricity and diminished obliquity combined, 
would be to intensify the glaciation of our hemi- 
sphere. The result of this would be to aid still more 
in the transference of all warm ocean currents from 
northern into southern seas. 1 have already referred 
to the enormous influence exerted upon climate by 
the presence of these great bodies of warm water : so 
enormous indeed is this influence that it appears in 
the highest degree probable that the mere removal, by 
whatever cause, of such currents' from our hemisphere 
would be sufficient to induce the growth of glaciers in 
this country, while in the Antarctic Circle, to which 
the warm currents had been transferred, ice and snow 
would in large measure disappear. 

I would remind the reader, however, that while 
many eminent physicists maintain that the constant 


1. 
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currents of ocean are caused by the continuous impact 
of the trade-winds, which, by pushing forward in one 
direction the superficial strata of water, force these to 
drag forward in turn the strata that immediately 
underlie them, several writers have advocated other 
theories of their origin. It would lead me into too 
long a digression, however, were I to attempt the dis- 
cussion of these various theories, even if this were 
the place for doing so. The evidence, and as it would 
seem, the weight of opinion also, appear to favour 
that theory which would assign a chief part in 
the origin of the great constant ocean-currents 
to the action of the winds. It does, to say the 
least of it, seem highly suggestive that the course 
of the main currents from the south should be just the 
same as that followed by the trade-winds ; and that 
the south-east trades, being so much more powerful 
than the north-east trades, the currents from the 
south should likewise be stronger than those from the 
north. 

Having shown the probable effect upon the climate 
of the globe that would ensue from a great increase in 
the present ellipticity of the earth’s orbit, and how 
this effect would be modified by changes in the obli- 
quity of the ecliptic, it is hardly necessary to point out 
at length how this astronomical vera causa appears to 
harmonize with the remarkable facts brought to light 
by geologists. It has already been stated that astro- 
nomers have ascertained the time required for the 
earth’s orbit to pass from a minimum to a maximum 
eccentricity, and this, it appears, is very irregular. 
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It is only, however, when the eccentricity arrives 
at something considerable that the climatal effects 
we have been considering will become apparent. 
During the millions of years that have elapsed since 
the oldest rocks that we know of were deposited, the 
earth’s orbit has frequenty attained a high degree of 
elUpticity. But by laborious calculations it has been 
found that the duration of such an eccentricity as 
would suffice to produce extreme conditions at the 
poles is very unequal. In the past three millions of 
years alone, Mr. Croll shows that there have been 
three such periods, separated by exceedingly irregular 
intervals, the periods lasting respectively for 170,000, 
260,000, and 160,000 years. So that even in the 
shortest of these periods there would be time for the 
precession of the equinoxes to complete several revolu- 
tions. That is to say that our hemisphere, during 
this long cycle of great eccentricity, might expe- 
rience several glacial periods and several periods of 
such genial climates as we have referred to above, 
and each of these periods would last for thousands of 
years. For, as we have seen, the equinoctial point 
takes something like 21,000 years to effect a complete 
revolution upon the ecliptic, in half of which time the 
seasons in the two hemispheres would of course be 
reversed — and the pole which had enjoyed continuous 
summer would then be doomed to undergo perpetual 
winter — these conditions being modified from time to 
time by changes in the obliquity of the ecliptic. 

That our hemisphere has frequently undergone such 
extraordinary vicissitudes of climate the records of 
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geology Bufl&ciently attest, and some of the proofs 
referred to are roughly stated in the opening pages of 
this chapter. It is not necessary, however, to enter 
into details with respect to all the great changes of 
climate, whether glacial or the reverse, of which the 
solid rocks have preserved some relics.* "We are at 
present concerned only with those excessive glacial 
conditions that were the result, as we have seen reason 
to believe, of the last great increase in the ellipticity 
of our earth’s orbit, which began some 240,000 years 
ago and terminated about 80,000 years ago — 
embracing a period of 160,000 years. The cold was 
most intense about 200,000 or 210,000 years ago, 
that is about 30,000 or 40,000 years after the glacial 
period had commenced. Now, during the continuation 
of this vast age of high eccentricity, our hemisphere 
must have experienced several great vicissitudes of 
climate. Glacial periods, lasting for thousands of 
years must have alternated with equally prolonged 
periods of genial conditions; for the latter, no less 
than the former, are a necessary consequence of 
extreme eUipticity, combined with the precession of 
the equinoxes. And during all these changes the 
general outline of the continents has remained much 
as it was before the advent of the glacial epoch. 
Whatever influence upon climate, therefore, the rela- 
tive distribution of land and sea may be allowed to 
have, it is quite certain no one can show that our 
glacial climate was induced by any peculiar arrange- 
ment of land and sea. It has been considered that 


See Appendix^ Note A. 
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during the age of ice the land in the high latitudes of 
the northern hemisphere stood at a relatively higher 
level than at present. But there is no proof that the 
land attained either a mueh greater altitude or eovered 
a much wider area than it does now ; on the contrary, 
all the evidence goes to show that large tracts of the 
northern hemisphere which are at present in the 
condition of dry land were, at various times during 
our glacial epoch, submerged. 

If, then, it be astronomically and physically true 
that extreme eccentricity of the earth’s orbit, com- 
bined with the precession of the equinoxes, would 
confer upon our hemisphere long periods of con- 
tinuous summer, separated by equally long periods 
of continuous arctic winter, we may next inquire 
whether there are any geological facts connected 
.with the till itself, which, apart from any other 
considerations, would lead us to infer that our 
glacial^ epoch was iu reality not one continuous age 
of ice, but a period interrupted by long ages of 
milder conditions, during which the ice disappeared 
from the low-lying parts of the country, and may even 
have vanished for a time altogether. 



CHAPTEE XI. 


BKI)8 SUBJACENT TO AND INTERCALATED WITH 
SCOTTISH TILL. 


Beds in and below till. — Seldom seen except in deep sections. — ^Examples of 
superficial deposits passed through in borings, &c. — Sections exposed in 
natural and artificial cuttings. — ^Examples. — Beds contorted and denuded 
in and below till. — Examples.— Fossiliferous beds in the till.— Examples. 
— Striated pavements of boulders in till 


rpHE reader who has accompanied me so far will re- 
member that, while describiag the till, I mentioned, 
in passing, that it sometimes contained beds of silt, 
clay, sand, and gravel.* The beds referred to seem to 
occur somewhat partially, the till in many districts 
not showing any such intercalations, but this seem- 
ingly partial distribution is more apparent than real. 
In the upper reaches of the valleys, where the top- 
covering of till is not often thick, the streams are 
able to cut down through this to the solid rocks, and 
thus expose any intercalated beds of gravel and sand 
or clay which the till may chance to contain. But 
where the valleys widen out into the broad un- 
dulating tracts of lower ground, there are few natural 

* These, I need hardly say, are to be distinguished from those thin lenti- 
cular patches, layers, and irregular beds of sand, earthy day, and gravel 
which are here and there enclosed in the till, and form part and parcel of 
that deposit as described at page 24. 
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sections to disclose completely the character of the 
drift. Many of the streams do not go down through 
the whole thickness of the till to the underlying 
rocks, so that we cannot always be sure from the 
sections seen that the till may not contain or overlie 
beds of sand, silt, and gravel. In such low-lying 
districts, too, railway-cuttings do not often go deep 
into the subsoils, so that we get comparatively little 
aid from them either. So long as we have only a 
partial exposure of the drifts, and not a complete 
section from the surface down through all the sub- 
soils to the pavement of rock on which these rest, we 
are not entitled to assume that the whole drift- 
covering consists of till, merely because that deposit 
may chance to be the only kind of drift visible at the 
surface. The results obtained from a number of 
careful borings should render us cautious in this 
matter ; for in several districts where the superficial 
covering might have been considered to consist 
wholly of till, that deposit appearing everywhere 
over the entire surface of the ground, the boring- 
rods have, nevertheless, after piercing the till, gone 
down through considerable depths of sand, gravel, 
and other materials. At the risk of tediousness I 
shall here jot down a few records of such borings, 
that the reader may compare them with the sketch- 
sections. 

The two examples that follow show the occurrence 
of beds of sand and gravel underlying one single mass 
of till. The first is from the valley of the Lugar, 
near Old Cumnock, Ayrshire : — 
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Ft. 

Tu. 

Strong "blue till with stones .... 

76 

0 

Brown sand, very fine 

3 

6 

Gravel and stones with large ‘‘whin” boulders 

7 

0 

Rock. 

Tlie next is the record of a boring 

made at 

Wood- 

hall, near Onniston, Midlothian : — 


Ft. 

In. 

Surface soil . . . * . 

2 

0 

Clay and stones 

4 

0 

Sand and channel (gravel) .... 

6 

0 


Sandy shales, kc. 


The succeeding show a greater variety in the sub- 
soils. The localities from which they ai’c taken are 
given within brackets : — 


rFLVHINHTONr, MIDLOTHIAN.! 


Ft. 

In. 

Surface soil . . .... 

1 

0 

(’lay ... 

5 

0 

C/lay and stones 

4 

0 

Channel (gravel) 

4 

6 

Sand and channel .... . . 

f) 

6 

White sandstone. 

[WooDHALL, Midlothian.] 

Surface soil ...... 

1 

0 

Clay and stones 

17 

0 

Sand and channel (gravel) ... 

13 

10 

Sandstone 

2 

11 

Channel (giavcl) . . .... 

2 

7 

Clay and stones 

1 

4 

Sandy shales, &c. 

’ROM Pit at Orbiston, Lanarkshire, Mossend Iron Company. 


Ft. 

In. 

Surface soil 

1 

0 

Red till and stones . .... 

86 

6 

Sand and gravel 

4 

0 

Bark muddy sand 

21 

8 

Brown sandstone in beds 

28 

0 

Whinstone block 

0 

10 

Sand and gravel 

4 

H 

Whinstone block 

0 

3 

Sand and gravel 

1 

5 

Light sandstone. 
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[Bouino, Dvkbhiad, T^hkhall, Lamarxehikx.] 




Ft. 

In. 

Bandy clay and stones . 


24 

0 

Sand and gravel 


5 

6 

Bandy mud . 


38 

6 

Tough day and stones . 


83 

0 

Mud .... 


7 

0 

Sand .... 


11 

0 

Sandstone block 


4 

0 

Sand and gravel 


12 

0 

Sandy clay 


a 

0 

Soft mud 


30 

0 

Soft mud and beds of sand 


5 

0 

[Boring, ik same District as last.] 



Surface and soft sandy clay 

. 

6 

0 

Soft clay 


13 

0 

Sand .... 


3 

0 

Mud .... 


24 

6 

Gravel and sand 


25 

6 

Stiff clay and stones 


14 

6 

Sand .... 


4 

6 

Sand and gravel . 


16 

6 

Sandy clay and stones . 


2 

0 

Mud .... 


8 

0 

Muddy sand . 


17 

0 

Hard gravel . 


3 

6 

Stiff sandy clay and stones 


10 

0 

Mud , . 


22 

6 

Mud with broken “ metals” 


7 

6 

Carboniferous strata. 




I shall have occasion 

presently to refer to these 

“ borings,” and to adduce others ; meanwhile enough 
have been given to show that shallow stream-sections. 

and other natural and 

artificial exposures. 

do not 


always tell us the whole truth. Any one going over 
the ground from which some of these borings are 
taken could not possibly have guessed that under- 
neath the till, or other deposits he saw at the 
surface, lay deep beds of sand, gravel, mud, and 
intercalated masses of till. 

But although sti'eam-sections never yield such deep 
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exposures of drift as some of the above, yet the 
cuttings laid open by the rivers are often highly 
instructive. And so often do the river-cuts disclose 
the presence of sand, mud, and gravel intercalated 
amongst or underlying till, that we must look upon 
the occurrence of these beds rather as the rule than 
the exception. It must not, however, be imagined 
that the beds referred to always, or even often, attain 
the great thickness indicated in some of the borings 
given above. They are generally much thinner, and 
frequently absent altogether, when nothing save 
sheer till covers the underlying rocks. This is most 
commonly the case in the hilly districts, the subjacent 
and intercalated beds becoming more frequent, extend- 
ing more continuously, and acquiring a greater thick- 
ness as they approach the lower levels of the country. 
Yet, even in these last-named districts, they seldom 
continue far without interruption, but ever and anon 
disappear, leaving the stony clay to form the whole of 
the subsoil down to the rock-head. 

I shall now bring forward a few sections to illus- 
trate the general aspect of the till and its associated 



Fig. 17 — Till resting on stratified deposits, Douglas Bum, Yarrow. 


deposits as presented to us in natural and artificial 
cuttings. The first I select, not only as an example 
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of the occurrence of beds underneath the till, but also 
because it serves to show the general position 
occupied by the till in the valleys of our Southern 
Uplands. 

Fig. 17 represents the section as seen in the left 
bank fronting the stream; Fig. 18 represents the 
same deposit as it would appear in a transverse 
section ; thickness of deposits 10 to 15 ft. 



A fine example of similar phenomena was pointed 
out to me by my colleague, Mr. B. N. Peach, in the 
north bank of the river Tweed, near Melrose. The 
annexed Fig. 19 will convey a general idea of the 
appearance of the beds. The rocks r were smoothed 



Fig. 19. — Till on river-gravel and sand, Tvroed, Melrose (thiekness, 
30 to 40 ft.) 


as if water-worn below the coarse shingle and 
gravel and from the arrangement of the gravel 
there could be no doubt of its fluviatile origin. 

It frequently happens, however, as I have remarked 
above, that the stream-sections do not go down quite 
to the rock. In such cases, although we may some- 
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times surmise what the underlying drifts are, yet 
we never can be at all certain about the matter — 
so inconstant are they, so liable to change. In the 
sections that follow it will be observed that the 
subjacent rock is not seen, and therefore we cannot say 
whether the aqueous deposits that xmderlie the till 
form the bottom beds of the drift or not. 



In this section (Fig. 20), a bed of strong tough till 
rests upon a fine yellowish white sand s, containing 
f.biTi lines or laminae of brownish clay. Underneath 
the sand comes fine clay, c, arranged in leaves, with 
partings of sand. It is worth noting also that a few 
well-scratched stones are scattered sparsely through 
the beds last mentioned. 



Fig. 21.— Till resting on sand, ^ clay e, Garpal Water, Ajrrsliire. 

In the sections now given it will be observed that 
the till rests upon a plain or level surface of sand. 
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gravel, or clay, as the case may be. The junction- 
line, however, is not always or even often so regular. 
In Fig. 22 the till is represented as cutting down into 
beds of sand and gravel in a most irregular way — ^the 
lines of bedding in these deposits ending abruptly 



Fig. 22. — ^Till cutting into stratified deposits, river Clyde, near Covington. 

against the till. A still better example of the same 
appearance was exposed during the progi’ess of the 
excavations for the Peebles Kailway at Neidpath 
Tunnel. Here a mass of tough till, with the usual 
scratched stones overlies a series of horizontal beds 
of clay, sand, and gravel, which terminate quite sud- 
denly against the tiU. The clays were of that kind 



Fig. 23. — Till cutting down into stratified deposits, Neidpatb, Peebles . 
thickness of drift, 40 to 50 ft. 


which is termed “gutta-percha,” exceedingly fine, 
and arranged in extremely regular layers or laminae, 
underneath which were earthy gravel and sand. 

Only one bed of till is shown in the above sketch- 
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sections, but imdemeath tbe aqueous beds repre- 
sented in Fig. 23 I have reason to believe that another 
deposit of till occurs. In the next illustration (Fig. 24), 
two beds of till are apparent. The intercalated beds 



Fig. 24, — Stratified beds intercalated with till, Glen Water, Ayrshire 
(2o to30 ft.) 


here consist of sand and clay. They are capped by 
till, somewhat sandy, but quite unstratilied and 
full of striated stones ; a more tenacious mass of till, 
underlies the intercalated beds, which are standing 
nearly on end, and form a most irregular junction witli 
the till upon and against which they rest. 

Another example (Fig. 25) of somewhat similar 
phenomena I take from the eastern side of the country. 



Fig. 25, — Stratified beds in till, Leithen Water, Peeblesshire. 


In both these sections the crumpling up of the beds 
below the upper deposit of till is very marked. Other 
examples might easily be given, but from those 
already produced the reader will have a clear enough 
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notion of what is meant by the contortion and dis- 
placement of the beds in the till.* 

The sections to which I shall now refer are most 
interesting, inasmuch as they have yielded organic 
remains. Some years ago my brother described a 
section of till seen in the Slitrig Water, near Hawick. 
Dr. (now Professor) Young and myself saw the 
section at the same time, which is given by my 
brother as follows : — 


Stratified beds 


Vegetable soil. 

Boulder clay {i.t, till), 30 to 40 ft. 

Yellowish gravelly sand. 

Peaty silt and clay. 

Fine feiruginous sand. 

Coarse shingle, 2 to 3 ft. 

Coarse stiff boulder clay till), 16 to 20 ft. 


It may aid the reader’s conception of this succession 
if I give here a diagrammatic section across the 



Fig. 26. — Fossiliferous beds in till, Slitrig Water, near Hawick. 


deposits, which will show at the same time the 
position of the intercalated beds, and the mode in 
which the till occiu’s in the valley. “The cliff at 

* For a further account of beds subjacent to or intercalated among till, 

the reader who is interested in the matter may refer to my brother’s paper 
on the “ Glacial Drift of Scotland** {Qlas 0 . GeoU Soc. Tratu., vol. i. part ii.), 
in which he will find references to other papers descriptive of the same 
phenomena. 
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this locality ” (I quote from my brother’s paper) is 
at least forty or fifty feet high, and consists of a stiff 
bluish clay stuck full of boulders. The bed of stones or 
shingle is well seen, even at a little distance, running 
as a horizontal band along the face of the cliff at 
a height of some fifteen or twenty feet above the 
level of the stream. On closer examination this 
zone proved to consist not merely of water-rolled 
shingle : over the lower stratum of roxmded stones 
lay a few inches of well-stratified sand, silt, and clay, 
some of the layers being black and peaty, with 
enclosed vegetable fibres in a crumbling state.” “ So 
far as it was possible to ascertain the nature of the 
vegetable remains in the peaty layer, they appeared 
to be the rootlets of a kind of heath.” 

On the banks of the Carmichael Water, Lanark- 
shire, according to the same observer,* beds of sand, 
silt, and gravel, with, in one place, a thin peaty layer, 
rest in a hollow of the till, and are covered up by 
another mass of exactly the same kind of deposit. 

Again, he describes certain contorted beds of tough 
gutta-percha clay and finely stratified sands as occm*- 
ing in the till at Chapelhall, near Airdrie. These 
deposits varied in thickness up to twenty or thirty 
feet, and in them layers of peat and decaying twigs 
and branches have been detected. They were clearly 
overlaid and underlaid by tough stony till. 

The aqueous beds intercalated with the till not 
infrequently appear to lie in basins or saucer-shaped 

♦ Trm>», Geol, Soc. Glasg.^ vol. i. part ii. I have seen the soctions 
described. 
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hollows or depressions. A good example of this was 
recently exposed near Neilston, in the cutting of 
the railway from Crofthead to Kilmarnock. This 
railway traverses the valley of the Cowdon lluni, 
and during the progi’ess of the excavations, which 
were very extensive, some exceedingly interesting phe- 
nomena came to light. The section- (Fig. 27) shows 
the face of the cutting as seen in 1808 ; since that 
date, however, the navvies have not improved it for 
geological purposes. In the w'oodcut f represents the 
till, of which there are two beds, one at the top and 
the other at the bottom of the section. Eoth beds 
are good typical examples of till, being quite unsti’ati- 
fied, and crammed with angular, scratched, and 
polished stones. The intercalated beds c consist of 
silt, clay, mud, sand, and fine graA'cl, all well-bedded, 
and here and there a thin line of peaty matter occurs. 
The underlying rocks r arc beautifully smoothed and 
striated. A section (Fig. 28) drawn at right angles to 
the preceding one, that is across the line of railway, will 
show the general relation of these drifts to the valley 
in which they lie. The intercalated beds are remark- 
able from having yielded an imperfect skull of the 
great extinct ox {Bos prmigenius), and remains of 
the Irish elk or deei’, and the horse, together with 
layers of peaty matter. The bods arc precisely 
similar to many of those which I have already briefly 
referred to. 

Below a deposit of till, at 'W’oodhill Quarry, near 
Kilmaurs, in Ayrshire, the remains of mammoths and 
reindeer and certain marine shells have several times 
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been detected during the quaiTying operations. The 
first notice of these discoveries dates so tar 1;)ack as 
1817, when Mr. Bald described* hvo elephant’s tusks, 
as having been got at a depth of seventeen and a half 
feet from the surface. More recent investigations 
liavo shown that the mammalian remains obtained 
from this quarry occurred in a peaty layer between 
two thin beds of sand and gravel which lay beneath 
a mass of till, and rested directly on sandstone rock.t 
From this infraposition of the organic remains to the 
till some observers have inferred that these belong to 
pre-glaeial times. But tho results obtained during 
the examination of tho groiind by tho Geological 
Survey show that tho strata containing mammaliferous 
remains really occui)y an intercalated or inter-glacial 
position, and that the cause of their sometimes being 
found to rest on tho solid rock and not upon a lower 
mass of till is due to the irregularity of tho surface on 
which the whole of the (frift beds have been de- 
posited ; for where the level of the rock slopes down 
far enough it passes below the horizon of the stratified 
beds, and a lower and underlying till then makes its 
appearance. I Arctic maj-iue shells occur in a layer 
overlying the mammaliferous deposit. 

Eemains of mammoth have been met with under 
somewhat similar circumstances at Chapelhall,§ near 
Airdrie, where they occuiTcd in a bed of laminated 
sand underlying till. Reindeer aptlers have also 

♦ Memoir h of Wernerian Society^ vol. iv. p. 64. 
t Quarterly Journal QeoL Soc, vol. xxi. p. 213. 
i Memoirs of Geol. Survey , Scotland ; Explanation of Sheet 22, p. 29. 

§ Troceedwgs of GeoL Soctefy^ vol. iii. p. 415. 
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been discovered in other loealitics, as in the valley 
of the Endrick,* about four miles from Loeh Lomond, 
■yrhere an antler was found associated with marine 
{■hells near the bottom of a bed of blue clay, and close 
to the underlying rock — ^the blue clay being covered 
with twelve feet of a tough stony clay. 

In the mass of the till itself fossils sometimes, but 
very rarely, occur. Tusks of the mammoth, reindeer 
antlers, and fragments of wood have from time to 
time been discovered in this position. They almost 
invariably afford marks of having been subjected to 
the same action as the stones and boulders by which 
they are surrounded. 

Before leaving the intercalated beds of the true till 
it is necessary to call attention to another remarkable 
appearance sometimes presented by the till. The ap- 
pearance to which I refer is what has be('n termed “ a 
striated pavement,” that is, a surface or level of till 
“ where all the prominent boulders and stones have 
not only their original and independent striee, but 
where they have subsequently suffered a new striation 
which is parallel and persistent across them all.” 
Such pavements, as one would naturally expect, are 
more frequently exposed along a sea-coast or horizontal 
section than they are in the interior of the country. 
Nevertheless, some well-authenticated instances of the 
latter have been observed, where the pavements were 
onty exposed upon the removal of overlying till. 


* New PhiJ. Jour. (New Series), vol. vi. p. 105. 
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How the aqueous beds have been 2)roserved. — Their crumpled and 
denuded appearance. — Their distribution. — Character of the valleys in 
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inter-glacial, and post-glacial age. — Old course of the Kiver Avon, Lan- 
arksliiro. — Pre-glacial courses ()f the Calder Water and Tillon Bum. — 
Bulled river channel between Kilsyth and Grangemouth. 

may now proceed to the explanation of tlie facts 
adduced in the last chapter. The reader has 
already seen that the till itself is a truly glacial de- 
posit, due to the grmding action over the surface of 
the country of immense masses of glacier ice. But 
no one will doubt that its intercalated and subjacent 
hods of silt, sand and gravel have had a very different 
origin. Tlicy occur in such layers as could only have 
hccu spread out by the action of running water. Evi- 
dently, then, these strata are a very different kind of 
deposit from the till that encloses them, and it is 
equally self-evident that at the period of their forma- 
tion the production of till must for a time have ceased, 
at least in those particular places where the stratified 
bods occur. And seeing that these intercalated beds 
arc not confined to any one district, but arc found in 
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every part of the country where they have been 
searched for, it is reasonable to conclude that there 
were times when the great ice-fields that covered the 
country receded so far at least as to uncover the low- 
land tracts and valleys, and permit the acc u mulation 
in those regions of clay, sand, and gravel. .Nor does 
it seem less reasonable also to conclude that after such 
a recession the ice again advanced and covered up the 
aqueous strata with thick deposits of stony clay. 13ut 
here a difficulty will occur to the reader which it may 
be well to notice. IIow, it may bo asked, could soft 
beds of sand, silt, and gravel escape being ploughed 
out by the ice-streams which arc said to have depo- 
sited the overlying stony clay ? 

It has already been pointed out that the existence 
of the till itself is a diffic\ilty of the same kind ; and I 
have endeavoured to show that this deposit bore the 
same relation to the ice-sheet that river-detritus docs 
to a river. There can be no doubt that in many 
places over which the ice-sheet passed till cotild not 
possibly accumulate, just as in the bed of a stream 
there ai'o bare rocky slopes exposed to the full sweep 
of the water where detritus is not permitted to gather. 
It is no less certain that after till had been piled up 
in some places it Was again and again ploughed out, 
and redistributed below the ice-sheet. Now we find 
that the intercalated beds of sand and gravel give 
unequivocal proof of having been subjected to great 
pressure. They are twisted, bent, crumpled, and con- 
fused, often in the wildest manner. Layers of clay, 
sand, and gravel, which were probably deposited in a 
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nearly horizontal plane, are puckered into folds and 
sharply curved into vertical positions. I have seen 
whole beds of sand and clay which had all the appear- 
ance of having been pushed forward bodily for some 
distance, the bedding assuming the most fantastic 
appearance (see Figs. 20, 22, 23, 24, 25). 

But the intercalated beds have not been crumpled 
only ; they are everywhere cut through by the over- 
lying till, and large portions have been carried away. 
Indeed, when we compare the bulk of these beds to 
that of the till, we must at once allow that they form 
hut a small fraction of the drift deposits. Owing to 
the erosive power of the old glaciers, comparatively 
little of the intercalated sand, &c., has been spared ; 
but enough is left to assure us of the former impor- 
tance of the intercalated beds. The geological value 
of a deposit has not usually been measured by its 
bulk. 

In exposed positions, such as hill-tops and hiU- 
slopes, the till never contains intercalated beds; nor 
do these occur save as interrupted and fragmentary 
patches, in places that appear to have been open to 
the full sweep of the ice-currents. It is usually in 
positions sheltered in great measure from the pressure 
and grinding of the glaciers that the stratified beds of 
the till have been best preserved. But what, it may 
be asked, is meant by a position sheltered from the 
grind of the ice ? Do not these sand and gravel beds 
occur exclusively in the valleys, and is it not just in 
such positions Avhere the grinding action of the old 
glaciers was most powerful ? If the ice-shoed covered 
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the whole country, in what possible position could 
the sand and gravel beds be comparatively secure? 
Let me try to make this plain. In Scotland, as 
in other countries, the large rivers flow in broad 
open valleys, and are fed by lateral tributaries 
which issue from nan'ower and more confined val- 
leys and ravines. The river Clyde, for example, 
which flows towards the north-west in a valley that 
gradually expands to a broad open strath, as it ap- 
proaches its estuary, is joined from north and south 
by numerous streams, many of which run in deep 
narrow ravines, until they arc just on the point of 
mingling their waters with the river. This appearance 
is very well seen in the neighbourhood of Hamilton. 
The Avon there winds through a deep cool ravine for 
several miles before it enters the Clyde, and the same 
is the case with the little tributaries of the Avon itself. 
The Caldcr from the north-east also makes its way 
towards the Clyde in a romantic glen, whose precipi- 
tous walls, like those of the Avon, arc hung with 
greenery. Now during the glacial period, the ice- 
sheet, which followed the line of the principal valleys, 
must frequently have crossed the lateral and subsidiary 
valleys nearly at right angles. In tlie main valleys 
the glacier would exert its full influence, but it would 
not be able to do so in the narrow lateral valleys and 
ravines ; the ice and till would merely topple into the 
glens referred to, and gradually choke them up, and 
the main mass of the glacier would then pass on over 
the whole. Here the analogy of running water again 
will help us. In a stream-course wo soc' how the 
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detritus accumulates in deep holes and pools, at the 
bottom of which the water is often well-nigh still, 
while a current is sweeping across at the surface. 

In such narrow glens, then, any silt, sand, or gravel 
that had gathered during the temporary absence of the 
ice-sheet would not be so likely to be ploughed out 
when the ice returned, as the similar materials which 
had accumulated in those broader and more open val- 
leys where the ice would have full freedom to move 
and exert its erosive power. 

But it may be objected that it is precisely in the 
narrower ravines where at the present day we meet 
with no drift whatever, where in fact the streams flow 
between bare walls of rock ; while, on the contrary, 
the broader and more open valleys show considerable 
depths of sand, silt, gravel, and stony clay. To 
this objection it may be answered that the narrow 
ravines in which so many of our streams flow have 
been formed almost without exception since the close 
of the glacial epoch. The ravines are in most cases 
now cuts excavated by the streams after the confluent 
glaciers had finally vanished. 

How this has happened will readily appear when 
we remember that the work performed by the old 
glaciers was twofold. In many cases the massive ice- 
streams deepened the valleys that already existed — 
in certain regions digging out great hollows, to the 
natime and origin.of which reference will be made in a 
subsequent chapter. But after having deepened val- 
leys and widened glens, they very frequently buried 
these again moi’(' or less completely under viist piles 
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of clay, sand, and boulders. Some valleys indeed they 
completely obliterated, so that when the ice finally 
melted away, and left the land once more exposed to 
the light of day, the streams and rivers could no 
longer fiow in their old courses, but were compelled 
to form for themselves new channels. 

It is quite true that, speaking generally, the present 
drainage-system is very much the same as that which 
obtained before the advent of the glacial epoch ; never- 
theless the course followed by each river and stream 
seldom agrees precisely with that along which the 
waters made their way in pre-glacial times. Some- 
times the streams flow throughout nearly their entire 
length in new channels which have been cut in rock 
since glacial times, the older courses being still choked 
up and concealed under the clay and stones that were 
shot into them by the old glaciers. More frequently, 
however, the present river-courses are partly new, 
partly old. When, after the ice had disappeared, the 
water again began to make its way down the slopes of 
the land to the sea, it is self-evident that the direction 
of the streams would be determined by the configura- 
tion of the ground. But this, as we have seen, would 
not exactly agree with that of pre-glacial times. Many 
of the valleys had been levelled up, and in not a few 
cases long hills and mounds of drift appeared whore 
deep dells had formerly existed. The chief features 
of the country, however, remained ; the broad valleys 
and straths, although clothed with drift deposits, yet 
again received the tribute of the lateral streams, and 
formed the highways of the principal rivers. But the 
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lateral feeders of these rivers, following the new slopes 
of the ground, have not always been directed into then- 
old channels. Sometimes, indeed, they wander for 
miles away from these, and join the main stream 
cither far above or far below where they formerly 
debouched. Even when, after cutting down through 
the drift deposits, they have happened to regain their 
old channels, they usually leave these again and again 
as they journey on, plunging ever and anon into deep 
rocky gorges, which, as I hove said, have been 
chiselled out by them since the close of the glacial 
epoch. 

To the wanderer along the course of some of the 
lowland streams nothing can bo more striking than 
the sudden and coiniilcte change of scenery that ensues 
xipon the passage of a stream from its new into its old 
channel. In the former the water frets and fumes 
between lofty walls of rock, which, seen from below, 
appear to rise almost a erticully from the river’s bod. 
In such a deep narrow gorge the stream may continue 
to flow for miles, when of a sudden the precipitous 
clifis abruptly terminate, and the water then escapes 
into a broad vale with long sloping banks of stony 
clay, sand, and gravel. After winding about in this 
open glade for, it may be, several miles, the stream 
not infrequently leaves again as suddenly as it entered, 
and dashes once more into another dell, whose steep 
walls of rock shoot up and overhang the water as 
before. The broader and more open portions of the 
valley, wher<' the sloping banks are formed of drift 
debris, is of course that pari of the old pro-glacial 
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olianncl which the picsont stream has re-excavated ; 
while, as already indicated, the narrow and rocky 
gorges arc entirely new cuts made by the stream 
during the ages that have elapsed since the glacial 
epoch. 

.In many cases the present streams seldom continue 
in their old channels for any distance. We often find 
them cutting across these nearly at right angles, and 
in this way fine sections of the old buried river-chan- 
nels with their contents frequently appear in the rocky 
glens of the Lowlands, to some of which I shall refer 
presently. A glance at the woodcut (Fig. 29), which 



Fig 29 — Diigrim to allow pro glitial and foqt-gladil ii\or course a a 
buned course b ^ por.t-glicitl channel / / ind dot k d parts show ic 
excavated ch innel bections dbo\ e indicate character of "v alh > along the 
lines A li and C J) 


is a diagrammatic ground-plan intended to illustrate 
the phenomena just described, will show how it comes 
to pass that a post-glacial channel may often cut a 
pre-glacial course, and yet the present stream coincide 
in direction with that of pre-glacial times. The buried 
course is represented at a a, and the new channel at 
b b ; the thin line on either side indicating the tops of 
the chfts, b and sloping bank-', / /. Fiom / to / it 
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will be observed that the present channel coincides 
exactly with the old course, while at x x the latter 
is cut across nearly at right angles by the former. 

In most cases the pre-glacial channels prove to bo 
wider and sometimes deeper than the new cuts ; con- 
sequently when a stream, after flowing for some dis- 
tance in a post-glacial course, suddenly outers a pre- 
glacial channel, the softer character of the materials it 
has to excavate enables it to clear out a wider hollow 
than it has carved in the solid rock of its post-glacial 
course. A section across the valley at a j?, compared 
with one drawn from c to 7 ), shows the relative appear- 
ance of the old and new cuts. It will be noticed that 
not only arc the old channels wider and sometimes 
deeper than the new — facts which indicate, of course, 
a greater age — but also that their sides are loss preci- 
pitous. This latter appearance points to the long- 
continued action of frost, which, by splitting up and 
detaching the rocks iipon a clilf, has a tendency to 
reduce all such steep rivor-w'alls to sloping banks ; but 
the gently inclined slopes of many pre-glacial river- 
courses doubtless owe much of their character to the 
grinding action of the glaciers during the ice age. 
Hot a few old river-courses, however, can be shown to 
be as steep and precipitous as any which have been 
formed since glacial times. 

To the appearance presented by the deposits that 
fill up the buried river-channels, I must now direct 
attention. At p. 153 1 have given the details of a boring 
made near Larkhall, for the purpose of testing the 
position of the underlying coal-seams. This boring 
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and another near the same place pierce a great thick- 
ness of detrital materials which I have ascertained 
occupy a former course of the Avon — the present river 
flowing for a considerable distance in an entirely new 
channel excavated since the glacial epoch. The fol- 
lowing flgure gives a diagrammatic view of the ohokod- 
up channel as it has been ascertained by borings. A 
section of the old channel, where it is cut by the Avon, 
is seen on the banks of the ri\ er near Fairholm nouse, 
Larkhall ; but owing to the incoherent nature of the 
silt and sand, these beds have slid forwards with the 
OA erlying clays and thrown cverytliing into confusion. 


r* 



Fig; 30 — Diagrammatic section arro«is pre glici il coiiise of the Ri\er Avon, 
L u khdll, Lim ii kbhire 

It will be remembered that the borings prove the 
existence of two masses of till, with intervening and 
underlying beds of silt, mud, sand, and gravel. The 
lower of these two deposits of till indicates the 
prolonged action of glacier-iec ; yet the beds below 
retain a considerable thickness, notwithstanding their 
incoherent character. At this particular place, how- 
ever, the ice-sheet crossed the gorge in which they lie, 
at an angle, and hence they must needs have escaped 
the powerful erosion to which they would have been 
subjected had the path of the ice coincided with the 



BEDS ACCOMPANYING SCOTTISH TILL. 175 


trend of the ravine. The presence of 40 ft, of silt, 
sand, and gravel above the till indicates a period of 
lessened cold, when the ice-sheet disappeared from this 
region and permitted the formation of such deposits. 
But after a time it would appear that the ice-sheet 
again overspread the country, doubtless sweeping out 
the silt, sand, and gravel from exposed positions, but 
sparing them in the narrow glens and gullies that 
intersected its path. 

In the Scottish coal-fields such old stream-courses 
as I now describe are of common occurrence, and are 
locally known to the miners as “ clay dykes ” and 
“ sand dykes,” according to the prevailing character 
of the material that fills them. The coal is often 
worked quite close to the side of the buried ravine ; 
after which, if the nature of the dyke will allow it, a 
mine is driven through the clay and sand, until the 
opposite face of the old glen is reached and the coal- 
seam found again. Sometimes, however, the dyke is 
charged with soft mud and running sand, and then it 
becomes impossible to mine, and a new pit must be 
sunk on the further side of the channel to get out the 
coal. Many accidents have happened from the break- 
ing in of sand and mud into the pit- workings, when 
coal has been taken out too close to the “ dyke.” 

A very good example of such a dyke, or buried 
stream-course, was exposed in the cutting made for 
the railway between Edinburgh and Holytown, quite 
close to the httlo village of Cleland, Lanarkshire. 
The cutting intersected the channel at right angles to 
its course, and thus a beautiful section of the old 
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ravine, and the materials that choke it up, was ob- 
obtained.* But the face of the cuttinj? is now so 
“dressed,” that the precise succession of the drift- 
beds cannot be readily deciphered. There cannot be 
a doubt, however, that a thick mass of till occupies 
the highest position, with beds of gravel and sand 
coming in below. The same old ravine is intersected 
by the Calder Water a little to the west of Wishaw 
House, where, however, the trees and brushwood 
somewhat obscure it. 

It is remarkable that in the same neighbourhood 
there is another buried stream-course, which runs for 
a short distance parallel to the last-mentioned one, and 
is in like manner cut across by the jircsent course of 
the Calder. It is well exposed on the banks of this 
stream a little below Coltncss bridge, upon the side 
of the road loading from Wishaw. Both buried chan- 
nels are filled with similar materials, chiefly sand with 
a little gravel — the whole being overlain with till. 
The coal-workings, which are very extensive in the 
district, enabled me, while carrying on the Geological 
Survey, to trace out all the windings of these remark- 
able sand-troughs ; and by connecting the information 
thus obtained with what I was able to gather from 
natural sections, it became evident that considerable 
changes had taken place in the drainage-system of the 
neighbourhood since glacial times. The Tillon Bum, 
which is now a tributary of the Calder, was formerly 
an independent stream ; while the Calder Water has 
forsaken its old channel, and at present flows for some 


* See Bdm. Oeol, Sot. Travs.y vol. i. 
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distance in an entirely new course, after which it 


breaks into and continues along 
the pre-glacial or inter-glacial 
course of the Tillon Bum.* 

I shall only refer to another 
example of pre-glacial and inter- 
glacial water-eourse.f This buried 
course has been traced from Kil- 
syth to Grangemouth, on the 
Forth, where it enters that estuary 
at the great depth of 2 GO ft. below 
the present sea-level. Ko trace 
or indication of this buried river- 
channel shows at the surface of the 
ground, and its existence would 
probably never have been disco- 
vered had it not been for the nu- 
merous borings and pits which 
have pierced it, for it cuts right 
through the coal-strata of that dis- 
trict. The nature of the deposits 
that fill up this old river-ravine is 
shown in the following section J : 

Boring near Towncroft Farm, Grangemouth. 

Ft. 

Surface sand 6 

Blue mud 3 

Forward 9 



* See Geol. Survey Map of Scotland, Sheet 23. 

t This “chaimer' is described by Mr. CroU in Tram, Edtn, Geol, Soc,, 
vol. i. p. 330. 

t See J. Bennie’s Surface Geology of the District Around Glasgow,*’ 
Ola eg, Oeol, Soc, Trans., vol. iii. part i. 
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Ft. 


Brought forward 




9 

SheU bed . , . 




1 

Gkravel 




2 

Blue mud 




8 

Gravel , . . . 




3 

Blue muddy sand 




16 

Bed clay 




49 

Blue till and stones 




20 

Sand • ... 




20 

Hard blue till and stones 




24 

Sand .... 




2 

Hard blue till and stones 




40 

Sand . • . « 




7 

Hard blue till 




24 


234 



CHAPTER XIII. 

BEDS SUBJACENT TO AND INTERCALATED WITH THE 
SCOTTISH TILL — Continued. 

Stratified deposits passed through in borings. — Probably in most cases of 
fresh- water origin. — Old lake at Neidpath, Peebles. — Lakes of inter- 
glacial periods. — Borings near New Kilpatrick. — Pre-glacial valley of 
the river Kelvin. — Origin of the deposits occupying that buried river- 
course. — Valley between Johnstone and Dairy. — Flat lands between 
Kilpatrick Hills and Paisley. — Condition of the country in pre-glacial 
times. — Loch Lomond glacier. — Ancient glacial lake. — Succession of 
events during recurrent cold and warm periods. 

JT will be obson^ed that while the hollows* ia which 
these deposits occur have been described as old 
river-courses, yet nothing has been said as to the 
origin of the deposits themselves. Of the nature of 
the overlying till which is seen at the surface in some 
of the examples cited, there can bo no doubt ; but it 
may be objected that since we do not always see the 
intercalated and subjacent stony clays, we cannot be 

* Similar pre-glacial river-courses are known to occur in other countries. 
An excellent example has been traced out in the underground workings of 
the Durham coal-fields, by Messrs. Nicholas Wood and E. F. Boyd 
{British Association Reports for 1863, p, 89 ; Geologist, 1863, p. 384). The 
buried river-courses of North America are also familiar instances. Professor 
Hitchcock has described these as “ antediluvian river-beds ; that is to say, 
beds of rivers that existed before the last great submergence of North 
America. Logs and fragments of wood are often got at great depths in the 
buried gorges Illustrations of Surface Geology,** &c., Smithsonian Contribu- 
tions), Professor Newberry and others have more recently given interesting 
accounts of the like phenomena. 
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sure as to their character. Might not they be some- 
thing else than glacial deposits ? To this it may be 
answered that wc know of no stony clay in Scotland 
which is not of glacial origin.* If the succession of 
strata disclosed by artificial borings were altogether 
peculiar and abnormal, we might have good reason for 
disregarding them ; at all events, wo could hardly bo 
justified in drawing conclusions from them. But such 
successions are neither peculiar nor abnormal ; on the 
contrary, similar sections occur at the surface which 
answer precisely in character to the accumulations 
passed through by the boring-rods. In the open-air 
sections the intercalated stony clays arc true till, and 
the stony clays in the deep bore-holes must be till, or 
at all events, deposits having a glacial origin. 

With regard to the aqueous strata which arc asso- 
ciated with the stony clays, the almost total absence 
of fossils makes it in many cases difficult to decide 
whether they are of fresh-water or marine origin. In 
some cases, at low levels, it is not unlikely that they 
are partly one, partly the other. It must be admitted, 
however, that the absence of organic remains tells 
more against a marine than a fresh- water origin for 
the mud, sand, and silt that fill up the buried chan- 
nels and hoUows. It is unfortunate that a greater 
number of these should not have been exposed to the 
light of day ; nevertheless, enough perhaps are actually 
exhibited to enable us to form a correct idea of those 
whose existence is only revealed to us by borings and 

♦ In a subsequent chapter some account is given of the modified form of 
till which I terra boulder-clay, and reference, is likewise made to the 
occurrence of stones in ceitain shelly claj s of marine origin. 
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pit- workings. The opinion to which I incline is that 
the aqueous bods now filling up the old hollows and 
depressions of the land are in large measure of fresh- 
water origin (not by any means exclusively so) ; but 
if this be so, it seems certain that they cannot all have 
been laid down in the old ravines and valleys under 
conditions Hke those now obtaining in similar water- 
courses and depressions. No geologist would be in- 
clined to admit that the great depths of fine sand, silt, 
and mud, which occupy the buried hollows, could pos- 
sibly have been deposited by such streams as now fiow 
in like places. 

In many cases the deep aqueous drifts, as ex- 
posed m open section, have more of a lacustrine cha- 
racter than anything else. This was well seen in the sec- 
tion at Neidpath Tunnel, briefiy described on page 157. 
The stratified beds in that locality appear to have been 
once very extensive — traces of the same deposits hav- 
ing been found in and below the till for some distance 
up the valley of the Tweed. At Neidpath there was 
a depth of from 40 to 50 ft. exposed, and the bottom 
was not seen. The beds partook of fiuviatile and 
lacustrine characters (chiefly the latter), and appear to 
have been deposited in a lakc-likc expansion of the 
Tweed, at a time when that river flowed, not by its 
present course, but round by the back of Cademuir 
Hill. The accompanying sketch-map will serve to 
render this intelligible. 

It will be seen that from Cademuir Farm to Bon- 
nington there extends a broad flat hollow, the bottom 
of which at its highest level is only some 100 ft. or so 
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above the bed of the Tveed at Neidpath. Were the 
narrow glen at this latter place to be filled up, the 
Tweed would bo dammed back, a lake would be 
formed, and thereafter both the Tweed and its affluent, 
the Manor Water, would flow round by the Cademuir 
hollow. That such actually was the course of one or 
both these streams at a comparatively recent geolo- 
gical date is proved by the fact that the Cademuir 
hollow is paved with river gravel, which could have 
come from no other source. 

An examination of the present and the former course 
of the Tweed and the surrounding drift phenomena led 
me to conclude that the “ gutta-percha clays ” of the 
Neidpath section were deposited at a time anterior to 
the cutting-out of the Ncidpath glen by the river; 
that, in short, the Tweed during pre-glacial and inter- 
glacial periods flowed by the Cademuir hollow; and 
that Ncidpath glen has been to some extent at least 
hollowed out since the final disappearance of the ice- 
sheets. The alterations of surface, brought about by 
the massive glacier that cut through the gutta-percha 
clays and deposited the tumultuous mass of till above 
them, and the modifications of level induced by denu- 
dation in later glacial times, eventually compelled the 
Tweed to leave its old course and take the more direct 
route by Neidpath. 

The occurrence of pre-glacial and inter-glacial lacus- 
trine beds in the river-vaUcys is only what one 
might have reasonably anticipated. Whenever the 
ice-sheets retired an irregular surface of glacial drift 
would bo exposed, in the hollows and depressions of 
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which, lakes and pools would gather. Nay, in some 
cases the mouths of small lateral valleys would he 
closed up with drift, and thus, streams being dammed 
back, sheets of water would be formed in which fine 
sediments would accumulate. In like manner the 
retiring glaciers themselves would not infrequently 
become barriers to the drainage of small lateral 
valleys, and in this way produce true glacial lakes. 
Hence we need not be surprised at the frequent 
appearance of old lacustrine beds in the valleys. It 
would be much more surprising if they did not occur. 

It is well known that in the valley of the Kelvin, 
near New Kilpatrick, a number of borings prove 
the existence in that district of a very great depth 
of superficial deposits. • Two examples* of these 
borings may be given ; they are as follows : — 


Ft. Ins. 


Sandy clay .... 

. 5 

0 

Brown clay and stones 

. 17 

0 

Mud 

. 16 

0 

Sandy mud .... 

. 31 

0 

Sand and gravel 

. 28 

0 

Sandy clay and gravel 

. 17 

0 

Sand 

. 6 

0 

Mud 

. 6 

0 

Sand 

. 14 

0 

Gravel 

. 30 

0 

Brown sandy clay and stones . 

. 30 

0 

Hard red gravel 

. 4 

6 

Light mud and sand 

. 1 

8 

Light clay and stones • . 

. 6 

6 

Light clay and whin block 

. 26 

0 

Fine sandy mud 

. 36 

0 

Brown clay, gravel and stones 

. 14 

4 

Dark clay and stones 

. 68 

0 


355 

0 


* For thoao and other borings, see Mr. Bennie’s paper, Qlmg. Qeoh Soc* 
Trans. f vol, iii. part i. 
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Akoihib BontNO rat teb same Neioeboubkood gate — 


Soil 

Ft. Ins. 
. 1 6 

Muddy sand and stones • 

. 4 

0 

Soft mud 

. 4 

6 

Sand and gravel 

. 45 

0 

Sandy mud and stones 

. 20 

6 

Sandy gravel and mud 

. 52 

4 

Brown clay and stones 

. 25 

0 

Sand and gravel 

. 6 

0 

Brown sandy clay and stones . 

. 12 

0 

Sand 

. 2 

0 

Brown sandy clay and stones . 

. 4 

0 

Mud and sand 

. 15 

9 

Sand and blue clay and stones . 

. 7 

9 


200 

4 


Mr. Croll has suggested that these deep drifts may 
occupy a pre-glacial bed of the Kelvin. If so, then 
this ancient buried channel must enter the Clyde at a 
depth of more than 200 ft. below the present sea- 
level. There is nothiag abnormal in this. It has 
already been mentioned that an old buried river- 
ohannel enters the Forth near Grangemouth at a 
depth of at least 260 ft. below the sea; from which 
we must infer that at some period anterior to the 
filling-up of that ehannel the land stood at least 
260 ft. higher than the present datum-line. In a 
subsequent page I shall have occasion to point out 
that the great sea-lochs of the western coasts are 
merely submerged land-valleys. Indeed, if we could 
but remove the superficial deposits from the surface 
of the Lowlands there can be no doubt that the sea 
would also roach a great way into the heart of these 
districts, penetrating sometimes for many miles by 
such valleys as that of the Clyde, the Ayr, the 
Stinchar, the Tweed, and other rivers. 
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Of all these valleys that of the Clyde has yielded 
the greatest depth of superficial acctlmulations — 
these deposits iu at least one place reaching the 
excessive thickness of 355 ft. No one can glance 
over the borer’s sections given above without feeling 
assured that, whether or not the gravels, sands, and 
muds occupy a buried river-valley, they at least 
could not have accumulated underneath a river — ^they 
are either estuarine, lacustrine, or marine, or finally 
they may partake of a mixed character, and be partly 
of fresh-water and partly of marine origin. Their 
general resemblance to similar deposits exposed in 
other districts would incline me to consider them 
as for the most part of lacustrine origin, and an 
examination of the physical features of the district 
certainly tends to support this suggestion. As the 
question is an interesting one, it may be well to con- 
sider it in detail.* 

Those who have travelled from Glasgow by 
Paisley and Johnstone into Ayrshire will remember 
that the railway in its course towards the latter place 
skirts the base of some rising ground which towards 
the south slopes up to form what we may caU for 
want of a general name, the Paisley Hills. From 
the base of these hills a wide stretch of fiat or gently 
undulating country extends northwards to the foot of 

* Mr. D. Bell has advanced an explanation of these intercalated beds some- 
what similar to that given in the text. He speculates on the damming-np 
of the Clyde at Bowling, the consequent formation of a lake, and the egress 
of the waters by Lochwinnoch and Dairy {Tram, Glasg, Qeol. Soc., vol. iv. 
p. 66). Mr. Bell’s views and mine were arrived at independently ; but since 
his have the priority of publication, he is justly entitled to claim the “ copy- 
right” of the glacial lake described in the text. 
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the Kilpatrick Hills, and westwards until it abuts 
upon the lower slopes of the Kilbarchan Hills. On 
north, south, and west, then, this plain is encircled 
a screen of hilly ground. This screen, however, 
is breached in two places : at Bowling by the Clyde, 
and at Johnstone by the Black Cart Water. From 
Johnstone the railway runs up the valley of this 
water, passing Castle Semple Loch, Barr Loch (now 
drained) and Kilbimie Loch, beyond which it follows 
the same hollow through the hills to the low-grounds 
south of Dairy. The surface of Kilbimie Loch is 
very nearly on the same level as that of Castle Semple 
Loch, but there is a sluggish flow of water from the 
former to the latter. The head of Kilbimie Loch, 
then, wo may take as the watershed between the 
Black Cart Water and the streams that drain along 
the same hollow towards the south-west. But any 
one who examines the ground will have no diffleulty 
in concluding that this long hollow has not been 
excavated by the streams that now flow in different 
directions along its bottom. They arc quite in- 
adequate. The whole appearance of the vaUey 
suggests strongly the idea of an old water-course that 
once drained along its whole extent from the north- 
east. That is to say that at some former period a 
river flowed from the valley of the Clyde across what is 
now the watershed of the Black Cart Water, and so 
on south-west into Ayrshire. This no doubt does at 
first sight seem an impossibility, but that it actually 
must have happened I shall now try to show. 

Let me ask my reader to cany his mind back to 
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the pre-glacial period — to that far distant past before 
ice and snow filled the valleys, and ere yet any 
accumulation of glacial deposits covered the surface of 
the country. In those days the Clyde and its 
affluents certainly flowed at a considerably lower 
level than they do now. Could we clear away all 
the superficial deposits that rest in the basin of the 
Clyde between Glasgow and the sea, we should find, 
not as at present the broad undulating plain that 
stretches from the base of the Kilpatrick Hills to 
the heights behind Paisley, but a deep valley dotted 
with rocky knolls and ridges. We should find also 
that at least one deep lateral valley, earrying the 
drainage of the Campsie and Kilpatrick Hills, entered 
that of the Clyde from the north-east. The bed of 
the pre-glacial Clyde, at or near Bowling must lio 
buried at a depth of more than 200 ft. below the 
level of the sea. Even at Glasgow the old channel 
of the river is not less than 80 ft. under the same 
datum-line.* Now when the river was flowing at 
these levels it need hardly be said that the land must 
have stood relatively higher than it docs now; at 
all events it is certain that our shores extended much 
farther out to sea. 

* In a series of borings made for the Clyde Trustees at Mavisbank Quay the 
rock was attained at 70*48 ft , 77*60 ft., and 80*23 ft. below high water mark 
in tliree bores respectively. At Stobeross, on the opposite bank of the river, 
the borings, at a distance of two or three hundred feet from the water, 
reached the rock at a nearly similar depth from the same datum-line. But 
when the borings were continued at the distance of a few hundred feet 
further from the river, the rock-head appeared at a less depth from the 
surface. The superficial deposits were thus shown to thin off towards the 
north, but they did so in a very irregular manner. For these details I am 
indebted to the kindness of Mr. Deas, Mem. Inst. C.E., Engineer to the 
Clyde Trust. 
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Let US, then, conceive that while the Clyde valley 
is in the state I have described, glacial conditions of 
climate supervene, that snow and icc begin to thicken 
in the mountain valleys, and great glaciers to creep 
out and deploy upon the low-grounds. One immense 
stream of ice fills up Loch Lomond (or tho place 
where Loch Lomond was afterwards to be), and 
fiowing onwards through the vale of the Levon, 
advances across the bed of tho Clyde until it abuts 
upon the opposite slopes of the Kilbarchan Hills. 
This invasion results of course in damming back the 
Clyde, and a lake accumulates over the low-grounds 
which are encircled by the Kilpatrick, Kilbarchan, 
and Paisley Hills. But as tho Clyde continues to 
flow and the surface of the lake to rise, the water 
must eventually find a channel of escape. Now 
supposing tho valley of the Black Cart Water to 
have existed at this time, it is evident tliat as the 
lake rose it • would penetrate this valley until it 
reached the watershed, over which a river would 
pour south-westward into Ayrsliirc. It is highly 
probable, however, that the groat hollow now oc- 
cupied by Kilbirnie and Castle Semple Lochs and the 
Black Cart was not so strongly pronounced in pre- 
glacial times. Be this, however, as it may, it is evident 
that the old Clyde, swollen in summer-time by melting 
ice and snow, must have swept through the notch or 
breach* in the hills with great force, and this condition 

* The reader will, perhaps, understand my meaning better, if I merely 
state here that tho work I ccmceivo to have been done by tho Clyde was 
simply the denudation, or wearing away, of the col between two valleys, 
and the subsequent deepening and \videning of those valleys. 
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of things continuing for a long period, as it must have 
done, the hollow along which the water flowed would 
be Avidenod and deepened. But before the river had 
commenced to widen and deepen this secondary- 
course, the lake from which it flowed would cover a 
large tract of country and stretch along the base of 
the Kilpatrick Hills as far at least as Kilsyth. In 
this manner the old lateral valley mentioned above 
as being probably the pre-glacial channel of the 
Kelvin would be completely submerged, and so also 
would be the bed of the Clyde up to and beyond 
Glasgow. 

The area covered by the lake would then neces- 
sarily become an area of deposition. Gravel, sand, 
mud, and silt would accumulate upon the bottom, 
the finer sediments settling down in the deeper 
parts, and thus all the drowned river ravines would 
have a tendency to silt up. The process would be a 
gradual one, and sometimes it might even be inter- 
rupted by some local recession of the Leven glacier, 
which would lower the surface of the great glacial 
lake and allow the streams to re-excavate a portion of 
their beds. But these and other obvious considera- 
tions I need not stop to point out. 

Let us now further conceive that the arctic cold 
continues to increase, that the snow and ice grow in 
depth and breadth until even the Elilpatrick and 
Campsie Hills are overflowed by massive confluent 
glaciers descending from the Highlands, and the 
whole of the great central valley of Scotland — ^the 
broad lowland country — is brimful of ice, forming 
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one wide and far-stretching mer de glace. The effect 
produced in the old lake-hed of the Clyde basin by 
such an advance of the glaciers would no doubt 
be most destructive. Over broad areas the soft and 
incoherent masses of sand, mud, gravel, &c.. which had 
gathered upon the bottom of the old lake would be 
ploughed up and intermingled with the other debris 
eontinually gathering and being pushed onward im- 
demeath the ice-sheet. But it might well be that in 
deeper hollows and in such ravines as intersected the 
path of the ice, some portions of the lake deposits 
might escape and receive a covering or cap of ground- 
moraine or till. 

But a glance at the “borings” given above (pp. 
183-4) will show that the buried hollows and ravines 
may contain more than one stony clay separated by 
considerable depths of aqueous deposits. These stony 
clays probably indicate just so many incursions of 
the ice-sheet; the intermediate beds of silt, sand, 
and gravel, may point on the other hand to periods 
when the ice vanished from the low- grounds and 
crept back to the mountain valleys. Every time the 
Leven glacier advanced and choked up the Clyde 
valley, a lake would form over the region under 
review, and fresh- water beds would be deposited; 
every time the ice-sheet covered the whole country 
fresh masses of stony clay would accumulate in 
protected hollows and ravines ; every time the ice- 
sheet retired the lake would reappear, until the 
Leven glacier finally drew back from the valley of the 
Clyde. It is therefore unnecessary to call in the aid 
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of the sea to explain for us the occurrence of those 
beds of gravel, sand, and mud which are intercalated 
with the stony clays in the buried valleys and depres- 
sions of the Clyde basin. 

I have spoken of the outlet of the ancient glacial 
lake of the Clyde having been by the valleys of the 
Black Cart and the Eye. It is quite possible, how- 
ever, and even highly probable, that the discharge 
at some periods may have been to the north-east by 
Kilsyth into the basin of the Forth. In attempting 
to restore the physiography of the land during suc- 
cessive stages of the glacial epoch, we have to bear 
in mind that after every descent of the glaciers very 
considerable changes would bo effected here and there 
upon the configuration of the ground. In one place 
the level would be lowered by the abstraction of rock 
— in another it would be raised by the accumulation 
of superficial deposits. And it might quite well be 
that, owing to some such changes, the Clyde lake 
might during certain inter-glacial periods drain into 
the Forth — for even now the difference of height 
between the watershed at Kilsyth, and that of the 
Black Cart is only some 50 ft. or so. 

The actual certainty that such great disturbances 
of the drainage-system must have taken place durmg 
the glacial epoch has not received so much attention 
from glacialists as it deserves. Yet no one who gives 
the subject any consideration can fail to see how 
disturbances of the kind must have occurred in 
many other valleys besides that which I have selected 
for illustration. Long before the land-ice increased 
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to such an extent as to overflow the Kilpatrick Hills, 
the Campsics, and the Oehils, many of the streams 
that drained into the Forth must have been dammed 
back by the great glacier which occupied the prin- 
cipal valley, and which in all likelihood extended 
many miles below Stirling, before the hills referred 
to were overtopped and buried. In attempting to 
read the records of the glacial epoch such considera- 
tions as these ought not to escape us; had they 
always been fully realised perhaps we should have 
been less liable to set down every thick bed of 
inter-glacial silt, sand, or gravel, to the action of 
the sea.* 

It is quite certain, however, that marine deposits 
do sometimes occur intercalated among true morainic 
accumulations, and to these we shall refer presently. 
Meanwhile I must direct attention to some examples 
of inter-glacial fresh- water deposits which have already 
been briefly described. 

♦ I am reminded here of those deposits of sand and gravel covered with 
morainic debris, that occur abundantly in the low-grounds of Switzerland, and 
which geologists have shown to be of fresh-water origin, but which, had they 
occurred in similar positions in our country, some of us might have had 
small hesitation in assigning to the action of the sea, so difficult is it for a 
speculative islander to escape the influence of his geographical position. 
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BEDS SUBJACENT TO AND INTERCALATED WITH THE 
SCOTTISH TILL — Continued. 

Inter-glacial deposits of tho Leithen Valley, Peeblesshire. — Other examples of 
similar deposits. — Crofthead inter-gbicial beds. — Climatal conditions of 
Scotland during inter-glacial ages. — Fragmentary nature of the evidence 
not conclusive as to the climate never having been positively mild. — 
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p. 158 Fig. 25 shows certain stratified deposits of 
gravel, sand, and clay, which betray all the usual 
characteristics of river detritus. They rest, as will 
be observed, upon a very uneven surface of tiU, and 
show a considerable degree of confusion. The 
Leithen (Peeblesshire), on the banks of which they 
occur, fiows in one of those deep, narrow, but softly 
outlined valleys that form so familiar a feature in the 
Southern Uplands. The stream "has its source at a 
height of 1,750 ft. above the sea, and after a course 
of nine miles joins the Tweed, at Innerleithen, some 
500 ft. above the same level. Its drainage-area does 
not exceed 22 square miles ; its watershed, how- 
ever attains a height of upwards of 2,000 ft., and 
the highest point in this hilly tract of south-eastern 


0 
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Scotland is only some 750 ft. higher. The signifi- 
cance of these details will appear presently. 

Both lower and upper masses of till shown in the 
section, are crammed with well striated stones and 
boulders, and are in all respects typical deposits. 
From what has been said in regard to the origin of 
till, it is quite clear that at the time the lower mass 
was being accumulated, the whole drainage-area of 
the Lcithen must have been filled with ice to over- 
flowing. And not only so, but the same must have 
been the case with all the valleys in the Southern 
Uplands. This follows, as a matter of course, as any 
one may convince himself, by studying the Ordnance 
Survey maps of the region under review. It is quite 
incoueeivable that the Leitheu valley, which is by no 
means one of the highest in that district, should alone 
have been filled with glacier icc, but the presence of 
a deep ice-mass here necessarily implies the like pre- 
sence of large glaciers in all the main dales and hopes 
of these Uplands. 

The presence of the intercalated river gravel and 
sand indicates plainly that an interruption to this 
arctic condition of things took place. Before these 
river deposits could be laid down, the ice must have 
vanished from the Leithen vaUey, and if such was the 
case with this mountain- valley, we are driven to con- 
clude that the great ice-sheet could not then have 
covered any portion of the Scottish Lowlands. Glaciers 
may have lingered still in the higher valleys of the 
country, but it is obviously impossible that a great 
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ice-sheet could exist while upland streams like the 
Leithen had freedom to flow. 

The aspect of the upper deposit of till in the section 
testifies to the disappearance of the mild conditions 
under which the river accumulations were formed, 
and to the return of an intensely arctic climate. The 
stones and boulders in this till are aU well blunted, 
scratched, and smoothed, thus indicating the former 
presence of a depth of ieo sufficient to overflow the 
heights overlooking the valley, and so to prevent the 
introduction of sharply angular and unpolished blocks 
amongst the glacial debris gathering underneath.* The 
contortion and confusion of the river deposits was no 
doubt caused by the pressure of this second ice-flow. 

A similar train of reasoning applies to the sections 
shown in Kgs. 24 and 20, and, therefore, they need 
not to be more particularly referred to. Eeferring 
back to Fig. 27, page 101, another interesting section 
will be seen. Hero beds of cl&y, sand, silt, &c., are 
represented as completely enclosed in till. These 
strata showed lines and layers of peaty matter, and 
yielded, during the railway operations, an imperfect 
skuU of the great urus, and some remains of the Irish 
deer and the horse. The beds are clearly of lacustrine 
formation, and their position proves that after a mass 
of till had been deposited by some great ice-sheet, a 
milder climate ensued, when streams once more 
flowed down the valleys, and lakes occupied the 
hollows and depressions of the land, which was 
tenanted by oxen, deer, and horses. Finally, the 

♦ See anUy p. 86. 
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presence of the overlying mass of till indicates that 
this mild period passed away, and was succeeded by 
severe arctic conditions, when thick ice again streamed 
over central Scotland. 

Precisely the same inference as to change of climate 
is to be drawn from the other instances of inter-glacial 
beds with organic remains, mentioned at pp. 159, 
160 ; the stratified deposits in all these instances 
point to oscillations of temperature — to periods when 
the great ice-sheet disajipeared from the low-grounds, 
and shrunk into a series of local glaciers among the 
mountain regions. 

But as I have endeavoured to show, the same con- 
clusion must be arrived at, even supposing the inter- 
glacial deposits had never yielded any organic remains 
whatever. These, however, are extremely valuable, 
inasmuch as they enable us more fully to realise the 
nature of those physical conditions that characterized 
the inter-glacial periods. Combining the evidence 
we learn that not only did the great ice-sheet some- 
times retire from the low-grounds, and give place to 
lakes and streams and rivers, but also that, during 
such periods of milder conditions, a vegetation like 
that of cold temperate regions clothed the valleys 
with grasses and heaths, and the hill-sides with birch 
and pine. Eeindeer wandered across the country, 
while herds of the great white ox, the horse, the 
Irish deer, and the woolly-coated mammoth fre- 
quented the grassy vales. If one might draw con- 
clusions from the aspect of the few fossil remains 

in the till, he might 
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compare Scotland during the inter-glacial periods to 
that tract of country which extends along the extreme 
southern limits of the Barren Grounds of North 
America — a region where a few firs and other hardy 
trees cover the drier slopes, and where carices and 
grasses grow luxuriantly enough in the sheltered 
valleys — ^those favourite breeding-places of the rein- 
deer, which roam over the dreary deserts to the 
north. Whether during any of the inter-glacial 
periods the climate was ever mild enough to melt 
away all the ice and snow from the liighland valleys, 
the record docs not say. What positive evidence we 
have points rather to the existence of local glaciers in 
the higher valleys — to moderate summers and severe 
Tvmters — during such iuter-gluciul periods as wo have 
any certain records of. 

And yet wo might be committing a grave error 
were we to assume that Scotland, during inter-glacial 
times, never enjoyed milder conditions than now 
obtain in the forest regions and barrens of North 
America. We must ever bear in mind that the inter- 
glacial deposits arc the veriest fragments. They have 
been preserved, for the most part, only in sheltered 
hollows fr-om the ravages of the great ice-plough ; and 
the interrupted and patchy portions that remain are 
mere wrecks of what must once have been, in the 
broader valleys, widespread and continuous deposits. 
Every renewed descent of the glaciers upon the low- 
grounds would tend to effect the removal of those 
accumulations; and it may well be that of several 
inter-glacial periods, not a single representative de- 
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posit now remains. Even during the inter-glacial 
periods themselves, the streams and rivers woidd help 
to clear away and redistribute those beds of sand, 
gravel, and silt which the glaciers had spared — just 
as in our own day the streams are' gradually exca- 
vating and washing away the materials that flU up 
old pre-glacial and inter-glacial ravines and water- 
courses. Moreover, we must not forget that if reaUy 
warm climates ever did supervene during inter-glacial 
times, every such warm period must have been fol- 
lowed successively by temperate, cold-temperate, and 
arctic conditions ; and these last would consequently 
be the most fully represented of the series. 

So far then as the Scottish glacial drifts are con- 
cerned, there is no evidence whatever to show that 
the inter-giacial periods might not have been warm 
enough at times to cause all the ice and snow to dis- 
appear from the country. Whether we shall ever 
obtain any decisive evidence on this head, will pro- 
bably depend upon the assiduity with which the inter- 
glacial deposits are examined. The till was for many 
years looked upon as a deposit destitute of all traces 
of life, and only a few hammerers continued, 
Micawber-like, to hope for something turning up. I 
believe that manunalian remains have been oftener 
obtained from the beds iu the till during shaft- 
sinking and other mining operations than geologists 
are aware of. While carrying on the Geological 
Survey of the Scottish coal-fields, I have frequently 
heard of ‘‘ bones ” and “ horns ” having been met 
with by the workmen in sinking through the deep 
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drifts. These relics, Tmfortunately, have almost in- 
variably been lost or mislaid ; but there can be little 
doubt, from the descriptions that were given to me by 
intelligent overseers, that the relics were true fossils, 
and stiU less doubt that these fossils were obtained, 
not in recent alluvial but in glacial deposits. 

We may, perhaps, never learn how many great 
changes of climate took place during the accumula- 
tion of the till and its associated deposits. This 
arises from the fact, already adverted to, that during 
every period of intensest cold, when the country was 
covered with a more or less thick sheet of snow and 
ice, the loose materials, which in the preceding age 
had gathered in river-valleys and in lakes, would 
almost inevitably be subjected to excessive denuda- 
tion. That the records of mild inter-glacial periods 
should be at the best but fragmentary, is no more 
than one might have expected. The wonder is not 
that they should be so interrupted, but that any 
portion whatever has been spared. Owing to this 
interrupted mode of occurrence, it is obviously impos- 
sible to correlate them, bed with bed. The inter- 
glacial deposits in one place may or may not be 
contemporaneous with the similar accumulations in 
some other locality. There were more changes than 
one during the formation of the lower drifts; and 
hence, in the case of isolated inter-glacial beds, we 
never can tell whether they ought to be referred to 
an earlier or a later stage of that period. 

The disappearance of a mer de glace, which in the 
Lowlands of Scotland attained a thickness of nearer 
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3,000 ft. than 2,000 ft., could only be effected by a 
very considerable change of climate. Nor, when one 
■ fully considers all sides of the question, does it 
appear unreasonable to infer that the comparatively 
mild and gonial periods, of which the inter-glacial 
beds are memorials, may have endured as long as 
those arctic or glacial conditions which preceded 
and followed them. We have a difficulty in eon- 
ceiviug of the length of time implied in the gi'a- 
dual increase of that cold which, as the years went 
by, eventually buried the whole country underneath 
one vast nier de glace. Nor can we form any proper 
conception of how long a time was needed to bring 
about that other change of climate, under the in- 
fluence of which, slowly and imperceptibly, this im- 
mense shoot of frost melted away from the Lowlands 
and retired to the mountain recesses. We must allow 
that long ages elapsed before the warmth became such 
as to induce plants and animals to clothe and people 
the land. How vast a time, also, must have passed 
away ere the warmth reached its climax, and the 
temperature again began to cool down ! How slowly, 
•step by step, the ice must have crept out from the 
mountain fastnesses, chilling the air, and forcing 
fauna and flora to retire before it ; and what a long 
succession of years must have come and gone before 
the ice-sheet once more wrapped up the hills, obliter- 
ated the valleys, and, streaming out from the shore, 
usurped the bed of the shallow seas that flowed 
around our island ! Finally, when wo consider that 
such a succession of changes happened not once only. 
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but again and again, we cannot fail to have some faiut 
appreciation of the lapse of time required for the 
accumulation of the till and the inter-glacial deposits. 

It will be observed that hitherto we have done no 
more than make a brief reference to the occurrence of 
Tindoubted marine beds in the till. To avoid con- 
fusion, I have delayed considering these intercalated 
marine deposits until now. 

The only marine beds of the kind which can be 
certainly recognised as such, occur, with one excep- 
tion, below the level of 100 ft,, or thereabout, above 
the sea. The exception referred to is that of a 
clay with arctic shells at Airdrie, which has been 
ascertained to occupy an interbedded position in 
the till, at a height of 512 ft. This clay occurred 
as a mere local patch of no extent, dividing the 
upper and lower mass of till for only a few yards. 
Small and insignificant although it be, it nevertheless 
enables us confidently to assert that at the time of its 
deposition, the land stood more than 500 ft. below its 
present level. 

In our attempts to realise the physical conditions 
that obtained at various periods during the glacial 
epoch, it is necessary, as I have tried by some ex- 
amples to show, that we should keep in view not 
only the height above the sea, but also the geo- 
graphical position of the deposits. Airdrie, where the 
shelly clay was got, lies nearly in the centre of that 
broad tract of lowland country, which is drained by 
the river Clyde and its tributaries. At the time 
when a free ocean flowed over the site of Airdrie, it 
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is evident that a very large part of the Scottish Low- 
lands would ho submerged. The sea would wash the 
base of the Kilsyth Hills in the north, and towards 
the south would extend up the Clyde valley as far, at 
least, as Hazelbank, a few miles below Lanark. 

Now such being the case, a very little consideration 
will suffice to convince us that however cold the 
climate may then have been, Scotland could not by 
any possibility have presented such an intensely arctic 
aspect as when the ice-sheet was at its thickest. The 
till that underlies the shelly clay speaks to us of a 
time when the great central valley of Scotland 
brimmed with glacier-ice. Under no other condition 
could a moraine profonde gather in the position of 
that till at Airdrie. But the presence of the clay 
with shells shows that a great physical change super- 
vened, and it seems reasonable to conclude that at the 
time this shelly clay was deposited the greatest inten- 
sity of glacial cold had passed away. But if the 
accumulation of the lower mass of till at Airdrie im- 
plies the former existence of one great confluent ice- 
sheet in Scotland ; then, in like manner does the over- 
lying mass of till compel us also to conclude that after 
a comparatively mild period had endured for some time 
another mighty ice-sheet again overflowed the land. 

Above the height of 500 ft. I am not aware that 
any marine deposits occur intercalated with the till. 
The interstratifled beds, wherever I have seen them 
at this and gi-cater heights, ai‘e of fresh- water origin ; 
and similar fresh-water beds occiu- at all levels doAvn 
to the neighbourhood of the sea. Indeed, ii' the inter- 
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glacial beds that fill the buried valleys and depression^ 
in the lower reaches of the Clyde basin be, as I have 
tried to show they very likely are, of fresh-watei 
formation, then fluviatile and lacustrine beds of inter- 

* J 

glacial age occur even below the present sea-level. I 

The evidence, however, entitles us to assume that, 
during the accumulation of the till and its associated 
stratified beds, there was at least one period of con- 
siderable submergence, and, for all that we know, there 
may have been several. At all events, there can be no 
doubt that oscillations of level did take place. It will 
be remembered that overlying the mammalian remains 
at WoodhiU Quarry, neai* Kilmaurs, marine arctic 
shells occur, clearly indicating that after the deposi- 
tion of the fresh- water beds a subsequent submergence 
of more than 100 ft., or so, took place. When we 
get down to levels of 100 ft., or thereabout, above 
the sea, marine bods are frequently found associated 
with stony clays, either in a subjacent or intercalated 
position. In most cases, however, it will be found 
that these stony clays differ in some respects from the 
typical till ; but before saying anything further about 
them, it may be well to summarise, in a few words, 
the general results at which wc have now arrived. 

In concluding what wo had to say about the changes 
of climate that were likely to result from astronomical 
causes, we found that a full consideration of the ques- 
tion led us to infer that glacial periods, lasting for 
thousands of years, must alternate with equally pro- 
longed periods of gonial conditions every time that 
the orbit of the earth roaches a high degree of eccon- 
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tricity. Now if I have succeeded in maJdng the 
geological evidence at all clear, it must he apparent 
that the tale told by the glacial deposits strikingly 
confirms the truth of the astronomical and physical 
theory which we considered in Chapter X. 

We have found that there is abundant proof to 
show that the accumulation of a moraine profonde by 
one great ice-sheet was interrupted several times ; 
that the ice-sheet vanished from the low-grounds, and 
even from many of the upland valleys, and that rivers 
and lakes then appeared where before all had been ice 
and snow. We have also learned that during such 
mild inter-glacial periods, oxen, deer, horses, mam- 
moths, reindeer, and no doubt other animals besides 
these, occupied the land. Moreover, we have ascer- 
tained that the land itself experienced at least one 
considerable submergence, and that, during the period 
of submergence referred to, the sea that covered the 
drowned districts of the country was tenanted by 
molluscs of northern habitats. Finally, we arc 
assured that no definite conclusion as to the climate 
of inter-glacial times can be dyawn from these organic 
remains. The deposits whi<5K*conlain>4hem are much 
too fragmentary to cn^^ us/ to ^y,'wilh anything 
like certainty, that iMer^glacial Sjjolkjndiie^r enjoyed 
^ ^milder climate tmn.j^^'^no^toperienced in cold- 
■^femperate regions. ''But, as we sh^ see in the sequel, 
a study of the glacial deposits \in other countries 
throws no small light upon this difl^cult question. ' 



CHAPTER XV. 

BOULDER-CLAT BEDS OE SCOTLAND. 

8tony clays of maritime districts. — Character of boulder-clay as distin- 
guished from till.— Traces of bedding, &c. — Water- worn shells. — 
Crushed, broken, and striated shtdls. — Shell-beds. — Boulder-clay passes 
into till — Boulder-clay of Stinchar valley ; of Berwick cliffs. — Boulder- 
clay and associated deposits of Lewis ; of Caithness and Aberdeen- 
shire. — Boulder- clay of Dornoch Frith; of Wigtonshire and Ayrshire. — 
Origin of boulder-clay.— Scotland resembled Greenland during the 
formation of this deposit. 

T^E have now traced the history of the glacial 
epoch down to a critical period. We have seen 
how when the cold was most intense a thick crust 
of snow and ice smothered all Scotland, filled up 
our seas, and overfiowed even the Outer Hebrides : 
and we have also seen how these arctic conditions 
were ever and anon interrupted by the advent of 
mild inter-glacial climates. We come next to examine 
those deposits which mark the final retreat of the 
great ice-sheets underneath which the till accumu- 
lated. 

Towards the close of last chapter mention was 
made of the frequent appearance in maritime districts 
of certain stony clays. It is very often difficult, nay 
in isolated sections it is sometimes quite impossible, 
to distinguish these stony clays from true or typical 
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till. Nevertheless, there are certaia marks by which 
a careful observer will learn to know them. They 
consist usually of a coarse aggregate of sub-angular 
and blunted stones and boulders scattered confusedly 
through a somewhat sandy or earthy clay. Many 
of the included stones arc well glaciated, and do 
not differ in any degree from those that occur in 
the till. Nevertheless, a large number arc often 
quite angular and show rough unpolished faces, 
and big blocks and boulders are usually more com- 
mon than in the till. Occasionally, too, these big 
stones have travelled far, and can be shown to 
have come from regions whence it is hard to sec 
how they could have been borne by glaciers. As 
a rule the deposit is quite lanstratified, but traces 
of bedding are not uncommon ; the stones being not 
infrequently arranged in lines, while bands of sand, 
clay, and gravel come in here and there. In some 
of these bands comminuted water-worn fragments 
of shells are occasionally met with, and well-preserved 
shells of arctic species have also been detected ; and 
in places similar remains, often broken and crushed 
and striated, are scattered somewhat plentifully 
through the clay itself. Not infrequently, however, 
all these characteristic marks disappear, and the 
deposit is not to be distinguished from true till — the 
one stony clay passes insensibly into the other. 

The boulder-clay, as I shall term this deposit to 
distinguish it from till, appears to be confined to 
maritime districts. But since it frequently yields 
the same outline or configuration as the till it is 
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often diflSicult to tell, in the absence of sections, 
whether the drift-covering belongs to the latter or 
the former deposit. It is quite possible therefore 
that here and there boulder-clay may extend for 
some distance up the valleys from the sea into the 
heart of the country. It cannot do so, however, in 
any force, else it could hardly have escaped detection. 
It attains its greatest thickness in the lower reaches 
of the broad open valleys where these approach the 
coast-line, and appears gradiially to pass into till or to 
disappear altogether as we follow it inland. In some 
maritime districts it does not apparently occur ; nor 
would it seem to have been met with at a greater 
height than 200 ft. above the sea. 

In the annexed cut both the till and the boulder- 
elay are present. The tiU ^ is a tough, tenacious. 



Fig 32 — Till overlaid with boulder-clay , lliver Stinchar. 
r. Rock. Till y, Bouldor-clay. x, Fine gravel, &c. 


brown clay, quite unstratified, and stuck full of finely- 
scratched and smoothed stones. The boulder-clay, 
on the other hand, is more or less distinctly bedded 
in parts, the J)edded portions being indicated by the 
faint lines. At x it consists of tbin layers of fine 
gravel, earthy clay, and sand, with stones scattered 
throughout, some of which are striated. Towards the 
top the gravel is much coarser, not so well bedded, 
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and contains many angular blocks and stones, some 
of them smoothed and scratched. At g we see a 
stony clay, looser and earthier than the subjacent 
till, and only faintly stratified. The stones, while 
usually smoothed and scratched, *are, upon the whole, 
not so distinctly marked in this way as the stones 
in the till. 

This section may be compared with the following, 
taken from the opposite side of the island. The till 
is shown at i; it is a reddish clay, stuck full of 



Fig. 33. — Section seen in sea-cliff at Berwick. 

scratched stones, but owing to the copious percolation 
of spring-water (at w) between it and the overlying 
looser deposits it is rendered soft and incoherent. The 
supeijacent beds consist of coarse bouldery shingle y, 
in a sandy clay matrix. 'The stones logk waterwom, 
but are angular and blunted, and some are glaciated. 
The base of this shingle-bed is not well seen, and 
consequently the junction line between it and the till 
is not distinctly visible. This arises from the action of 
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the springs, which are continually producing little slips 
of the bank — ^the succession, however, is sufficiently 
distinct. Overlying the coarse shingle occurs a dark 
reddish brown clay, with a few scattered stones, 
which are in other places more closely aggregated. 
They are generally ice-marked, but some show no 
traces of glaciation. Broken shells occur here and 
there, but appear to be rare. In other parts of the 
cliff beds of sand are intercalated with g and h, and 
sometimes the whole of the drift deposits overlying 
the soHd rocks consist of a red boulder-clay, often 
very coarse, overlaid with beds of sand and clay. 
The till is only seen in one or two places, and is 
apparently very thin. 

The next sections I take are from a much less 
known part of the country. Fig. 34 represents two 



Fig. 34. — Bouldor-clayg and associated deposits, Traigh Chrois, Island of 
Lewis, r, Solid rock, y*. Lower and upper boulder-olay. f. Sand, 
gravel, and clay. 

beds of boulder-clay, with intermediate deposits of 
sand, gravel, and clay. The lower boulder-clay bed 
rests upon gneissic rocks. It is a dark greyish brown 
sandy or earthy clay, quite unstratified, with nume- 
rous blunted stones and boulders. These consist 
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almost exclusively of gneiss, of a kind whicli does 
not preserve striae, consequently only a few of the 
finer grained, harder, and more compact stones show 
any striations. But the most remarkable feature 
of this stony clay is the presence of broken arctic 
shells, which occur in an irregular manner through 
the mass. The upper surface of the boulder-clay 
is denuded — a character better shown in Fig. 35, 



Fig. Zb. — Bo ui dor-clay and associated deposits, Traigh Chrois, Island of 
Lewis, Under and overlying boiilder-clay. Fine sand and 

clay partings, with a few scattered stones. 


which is taken from the same locality. The stratified 
beds contain shells, most of which are in a frag- 
mentary state, but some perfect specimens may be 
detected. They belong to arctic and northern 
species. A few stones occur here and there in the 
beds. Above those deposits comes another mass of 
unstratified boulder-clay of a reddish brown colour, 
and somewhat more sandy in texture than the under- 
lying mass. The stones it contains are quite similar 
to those in the lower bed. No shells appear to occur. 
It will be observed that this upper clay cuts down 
into the beds upon which it rests. 

W/v ahnws the same deposits, with the exception 
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of the lower clay, which, however, would no doubt 
appear if the section had cut deeper. It will be 



Fig. 36. — Biulder-clay overlying stratified deposits, Traigh Cbrois, Island of 
Lewis Boulder-clay. Sand and gravel, c, Clay and silt. 


noticed that an unconformity occurs in the stratified 
beds, — ^the clay and silt (<?) having been denuded 
before the sand (s) was deposited above them. 

From an examination of all the sections in north 
of Lewis I found we had the following succession of 
deposits, beginning with the upper bed : — 


1. Boulder-cUy. 

2. Sand, gravel, and coarse shingle, with rolled and angular fragments 

of shells 

3. Dark hluish-brown clay and silt, with shells, many of them mere 

fragments. 

4. Bouldor-clay with broken shells 

6. Till. 

The last-mentioned deposit nowhere appears in any 
of the coast sections underneath the lower boulder- 
clay, but it is of common occurrence throughout 
Lewis, and I satisfied myself, on evidence which need 
not be detailed here, that it is the oldest member 
of the glacial series in that island. 

A nearly similar succession of deposits occurs in 
Caithness and the maritime districts of Aberdeenshire. 
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In the former county an unstratified stony clay con- 
taining broken shells of arctic and northern forms 
has long been known to geologists, and Mr. Jamieson 
has pointed out* the fact that it is underlaid by a 
dark pebbly silt, also containing broken shells. The 
same observer has describedf the occurrence at Inver- 
nettie, near Peterhead, of a similar mass of shelly 
boulder-clay overlying beds of sand and fine clay ; 
again, at King-Edward (Aberdeenshire) he obtained 
the following interesting section : — t 

Ft. 

1. Stratified sand and gravel (no fossils) . . . 10 to 25 

2. Unstratified boulder-olay, vith sliell fragments in 

lower part 20 to 30 

3. Fine sand, in some places rich in shells . . . 1 to 2 

4. Fine silt, with whole shells, exca\ato(l to a depth of 

10 ft. ; bottom not reached. 

My colleague, Mr. E. L. Jack, tells me that he has 
got fi’om a gravel at Gartness railway station (Stir- 
lingshire) well-rolled fragments and a few perfect 
specimens of boreal and arctic shells. The gravel 
occurs at a height of 140 ft. above the sea-level, and 
is part and parcel of a wide-spread deposit of fine 
sand, gravel, laminated clay, and boulder-clay. The 
beds rest on till, and reach 2G0 ft. as an upper limit. 

Further illustrations of the mode of occurrence of 
boulder-clay might be adduced, but for the most 
part they would only be repetitions of those already 
given. It seems to occur pretty generally in most 
maritime regions. It may be seen on the shores 
of Dornoch Frith, at Tain, where it shows lines of 

* Quart, Jbum, Geol. Soc, (1866), p. 265. 
t Op. cit, (1858), p. 618. 



BOULDER-CLAY BEDS OF SCOTLAND. 113 

stones and thin bands of fine clay. Again, in tbe 
extreme south it has been observed at various places 
along the coast of Wigtonshire, where it contains thin 
layers of clay, &c,, with arctic marine shells. 
Broken and comminuted shells also appear in boulder- 
clay near Ballantrae, &c., in Ayrshire. 

During the formation of the till the whole of 
Scotland was, as we have seen, buried imdemeath 
snow and ice, and such being the case, the surface 
of the great mer de glace could not be covered with 
stones and debris, as are the puny glaciers of the 
Alps. The moraines gathering below and in front 
of the great iee-sheet would therefore contain few 
or no rough unpolished stones. But when, owing 
to the melting of that ice-sheet, mountain-tops and 
ridges began to stand boldly up above its general 
level, and so by slow degrees to separate it into 
a series of local glaciers, it is evident that long trains 
of blocks and rubbish would begin to sprinkle the 
surface of the glaciers. This d6bris slowly carried 
downwards, would eventually topple over the terminal 
front of the ice, and mingle with the glacial mud and 
stones which were being extruded upon the sea- 
bottom. Thus there would be mixed together in 
one and the same deposit heaps of scratched stones, 
with quantities of rough blocks and debris ; and it is 
plain, moreover, that the action of the sea upon the 
moraine rubbish-heaps in front of the glacier would 
tend occasionally to give a stratified arrangement to 
the detritus, sometimes even sifting the materials and 
forming beds of clay, sand, and gravel. In such beds 
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it would only be natural that shells of arctic species 
should sometimes become entombed. 

During such a condition of things the rocky parts of 
the coast between separate glacier valleys would no 
doubt be fringed with a belt of ice, just as at present 
is the case in Greenland, and this ice-foot occasionally 
breaking off would float away with the rocky rubbish 
and debris which alternate freezings and thawings had 
detached from the cliffs and showered upon it. In 
this manner rock-fragments from a distant part of the 
country might be dropped upon the bed of the sea, 
and so get intermingled with moraine matter brought 
down by glaciers from the interior. 

It is well known that in alpine countries the 
glaciers sometimes advance beyond their usual limits, 
and the same in all likelihood is the case with the 
great glaciers of Greenland. It is, therefore, not 
unreasonable to infer that during our glacial epoch 
the ice-rivers may have been subject to similar fluc- 
tuations. It is easy, therefore, to see how, during 
such a temporary advance, the submarine heap of clay, 
stones, sand, and gravel lying in front of a glacier 
would be pushed forward and thrown into confusion. 
The shells would often be crushed and broken, and 
the deposits themselves would become intermingled 
with the moraine profonde. 

The section from the south of Ayrshire (Fig. 32) 
exhibits not a few of the very features which a little 
consideration would naturally lead one to expect. We 
there see scratched and glaciated stones confusedly 
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into a sandy clay with scratched stones, that closely 
resembles true till. 

The sections from Lewis are also highly instruc- 
tive. They show us how the sea-bottom, tenanted by 
various species of mollusca, was liable to be invaded 
by the advancing and retreating ice — ^which ploughed 
up the deposits of sand and clay and incorporated 
these with its moraine profonde. 

Such, then, I believe to have been the origin of 
boulder-clay : it appears to have been deposited at or 
near where the great glaciers terminated in the sea. 
Hence it is sometimes partially stratified, at other 
times contains beds, bands, and layers of sand, gravel 
and clay, in which shells or fragments of shells are 
not infrequently detected. Again it passes into a 
regular stony clay which it is difficult, or even 
impossible, to distinguish from the till of the interior. 
In short, it is the conjoint production of the ice-sheet 
and the sea — consisting partly of true moraine profonde 
and partly of the nature of a submarine terminal 
moraine. And I have sometimes thought that the 
frequent absence of even fragments of shells from the 
aqueous beds of the boulder-clay may not improbably 
be accounted for in this way. We know that even in 
arctic regions rivers and torrents escape freely all the 
year round from the glaciers that terminate on shore, 
and it can hardly bo otherwise with those which shed 
their icebergs in deep water. Now the presence of 
any large body of fresh water constantly flowing out 
from beneath the ice could hardly fail to keep away 
maiine organisms from that portion of the sea-bod 
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immediately in front of the glacier. And it seems, 
therefore, far from improbable that this may be one 
reason why the stratified portions of the boulder-clay 
do not more frequently contain shells and other 
exuviw. 

During the accumulation of the boulder-clay the 
land would appear to have stood lower* relative to the 
sea than it does now ; but what was the extent of this 
submergence we cannot tell, the upper limits of the 
boulder-clay not having been precisely determined. 
No boulder-clay, however, has yet been noticed higher 
than 200 or 260 ft. above the sea, and generally it 
occurs at much lower levels. 

The conditions that brought about the accumulation 
of the boulder-clay are thus seen to have differed to 
some extent from those that induced the deposition of 
the till. During the formation of the latter the ice 
was much thicker, and extended farther into the sea. 
It may even have been that the land itself stood at a 
greater elevation, as it certainly appears to have done 
in pre-glacial times.f But in the later glacial periods 
the ice-sheets were most probably of less extent than 
in the earlier stages of the great cycle. When the 

* At p. 109 those great movements of elevation and depression to which 
the earth’s crust is liable have been referred to subterranean action. 1 he 
sea, however, may rise upon the land without any movement of the land 
itself. M. Adhcmar and Mr. Croll have pointed out that a vast ice-cap (such 
as that which covered so many northern regions during the cold peiiods of 
the glacial epoch) would of itself cause a rise of sea in the ice-covered area, 
by disjdacing the earth’s centre of gravity. But to what extent this rise 
would take place is uncertain. It is highly probable that some of the minor 
submergences of which we have evidence may be due to this cause ; but the 
gicat depressions to which allusion will be made in Chaps. XVI. and XVII. 
arc more likely to have been caused by mo cmenls of the earth’s crust. 

t See anUi p. 184. 
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boulder-clay which is found superimposed on the till of 
our maritime regions began to be thrown down, aU 
the valleys were filled with ice, but not to overfiow- 
ing. The watersheds and elevated ridges now broke 
up the mer de glace into a series of separate glaciers, 
and it is to this period that some of the crossing 
sets of rock-strise described at p. 91 must be referred. 
When the mer do glace became less continuous the 
glaciers would sometimes change their direction, being 
less impeded in their course by the pressure of neigh- 
bouring ice-masses. During the former periods of 
great confiuent ice-sheets the condition of Scotland 
closely resembled that of the antarctic polar conti- 
nent, but at the time the boulder-clay was being 
accumulated it more nearly approached to the present 
aspect of Greenland. Great glaciers reached the sea 
and presented steep faces of ice to the swell of the 
Atlantic, but between the glacier-valleys were long 
stretches of rocky coast-line fringed with a thick shelf 
of ice like that which flanks the shores of many regions 
that border on the dreary Arctic Ocean. Coast-ice 
and bergs floated about, and the bottom of the sea 
was tenanted by arctic molluscs. 



CHAPTER XVI. 

TJPPEE DlilFT DEPOSITS OP SCOTLAND. 

Morainic debris and perched blocks of Loch Doon district; of Stinchar 
valley ; of northern slopes of Solway basin ; of liinns of Galloway ; of 
the Clyde and Tweed valleys ; of the Northern Highlands. — Krratics ; 
carried chiefly by glaciers ; have travelled in directions corresponding 
with the trend of the rock-strise. — Condition of Scotland during the 
carriage of the erratics tliat occur at high levels. — Sand and gravel 
series. — Karnes. — Terraces. 

come now to consider the nature and origin of 
the upper drifts — those deposits, namely, which 
belong to a later date than the till and boulder-clay. 
They consist, as will be seen presently, of very diverse 
materials, and the mode of their formation has long 
been fhe subject of contention. It is a matter of no 
little moment, as the sequel will show, that we should 
ascertain what was the precise sequence of events that 
followed upon the deposition of the boulder-clay ; and 
this we can only do by carefully considering the 
evidence in detail. 

Turning attention first to the hilly districts — ^to the 
great uplands of the south — ^we find that the till, 
in a sorely denuded state, is frequently covered by a 
coarse earthy debris of angular fragments and large 
blocks and boulders. This debris ascends to great 
heights upon the sides of the moimtains, and may be 
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traced far down the valleys, even into the low-gronnds 
beyond. Thus, for example, the mountains that hem 
in Loch Boon (Ayrshire) are sprinkled with loose 
angular and subangular stones, some of them striated, 
and with immense numbers of large boulders of grey 
granite which do not belong to the hills upon which 
they rest, but have travelled outwards from the central 
mountain region. The angular debris, as we trace it 
down the valley, appears to become thinner and 
thinner, until, when we reach the low-grounds about 
Dalmellington, it cannot be distinguished. But the 
grey granite boulders arc more easily detected, and 
appear here and there on the hill-sides for several 
miles further down the valley. They are not, however, 
confined to the immediate slopes of the valleys of that 
district, but are scattered promiscuously over all 
the hill-tops up to a height of 1,700 ft. In the 
valley of the Stinchar, which drains the same great 
mountain tract, similar appearances may be noted ; 
angular rubbish and large boulders are scattered over 
the hill-slopos down as far, at least, as the village of 
ColmoncU, and they even appear near the very top of 
Bencraird (1,400 ft. above the sea). The same facts 
have been observed by my colleagues on the Geological 
Survey in the valleys that drain towards the Solway 
Frith. Everywhere great boulders are distributed 
over the valley-slopes and hill-tops and even over the 
low-grounds beyond. Thus the low-lying Binus of Gal- 
loway, according to Mr. D. K. Irvine,* show numerous 
loose boulders of grey granite which have come from 

♦ See Mm. GeoL Surv. Scot., Exp. of Sheet 3, par. 39. 
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tiie hills of Caimsmore to the north-east. In all 
these districts, in short, there is abundant evidence to 
show that both the angular debris and the boulders or 
erratics^ as they are termed, have radiated outwai'ds 
from the central knot of mountains down all the 
principal valleys to the low-grounds. We meet with 
the like phenomena in the valleys of the Clyde and 
the Tweed. Loose earthy and clayey rubbish, con- 
taining some scratched stones, and large erratics 
sprinkle the sides of the hills up to considerable 
heights, and this for many miles down the course of 
those valleys. In the Tweed valley, for example, such 
debris appears in decided masses as far down as Drum- 
melzier. The de^p glens of the Highlands present us 
with similar phenomena. The mountain-slopes are 
everywhere sprinkled with loose earthy rubbish, in 
which a few faintly glaciated stones sometimes occur, 
and large erratics occur up to aU levels, even as high 
as 3,000 ft., according to Mr. Jamieson. But, for 
reasons which will, be afterwards given, neither the 
evidence derived frt)m the highland glens nor that ob- 
tained from the high valleys of the Southern Uplands 
is of any use to us in our present inquiry. It is the 
loose earthy angular gravel and rubbish and the large 
erratics that are met with at the lowest levels, and 
furthest removed from the centres of dispersion, with 
which we are at present chiefly concerned. 

The angular rubbish is unquestionably of morainic 
origin— it answers in every respect to the rude debris 
which gathers on the surface of an alpine glacier and 
is shot over the end of the ice to form terminal 
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moraines. It speaks to us, then, of a time when all 
the mountain valleys were yet filled with ice — ^with 
massive local glaciers, the direct descendants of Ihe 
great ice-sheet that produced the till and boulder-clay. 
After the boulder-clay had been deposited the ice-sheet 
continued to retire until at last it no longer reached 
the sea, but deposited’ its moraines upon the land. 
It still covered a large part of the Lowlands, but such 
bills as the Lammermuirs, the Pentlands, and the 
Ochils, now rose above the level of the mer de glace, 
while in the Highlands and the Southern Uplands the 
ice was restricted, for the most part, to the valleys. 
It was only under conditions such as these that the 
morainic debris, sprinkled over the hill-tops and 
occurring far down the valleys, could have been 
deposited. At a long subsequent period local glaciers 
again occupied the higher valleys, but, as I shall after- 
wards point out, they were mere dwarfs when compared 
to the gigantic ice-streams that existed at the period 
at present under consideration. 

Now lot us glance for a little at the testimony of 
the erratic blocks, and see how this agrees with the 
evidence yielded by the ancient morainic debris. 

Erratics are of all shapes and sizes — occasionally 
reaching colossal proportions, and containing many 
hundred cubic feet. Some are rounded, others only 
partially so, and very many are angular and sub- 
angular ; not a few also show one or more scratched 
surfaces. In certain districts they are exceedingly 
abundant. I have already described how they 00010* 
in the valleys of the Southern Uplands and are plenti- 
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fully scattered oyer the hill-tops up to considerable 
heights in that region, and how common they also are 
in the low-grounds that sweep out from the base of 
these hills. Eeference has likewise been made to their 
frequent occurrence in similar positions in the High- 
lands. 

In the intermediate Lowlands they arc not wanting, 
but large numbers have disappeared in the progress 
of agriculture, so that they are not so plentiful as 
they used to be. But upon the slopes of those more 
or less isolated hilly tracts which rise up between the 
Highlands on the one hand and the Southern Uplands 
on the other, they are often abundantly met with. 
Along the northern flanks of the Ochils, for example, 
we find them thickly strewn. They consist in that 
district of such rocks as mica-schist, gneiss, granite, 
&c., all of which have evidently been derived from 
the highland mountains to the north and north-west. 
Boulders of similar rocks also make their appearance 
still further south. They are met with here and there 
in the low-lying parts of Fife, and Mr. Maelaren has 
described the occurrence of a large mass of mica-slate 
at a height of 1,020 ft. on the Pcntland Hills — ^the 
nearest rock from which it could have come lying fifty 
miles to the north or eighty miles to the west. 
Boulders of highland rocks have also been noted on 
the northern slopes of the Lammermuir Hills. They 
likewise occur in considerable numbers on the crests 
of the trappean heights that rise between the valleys 
of the Clyde and the Irvine. In the south-west of 
Scotland, as already indicated, those undulating and 
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hilly districts that roll out from the foot of the Gallo- 
way mountains, are studded with innumerable boulders 
which have radiated outwards from the central heights. 
Even the islands that lie off the coasts are dotted over 
with loose boulders or erratics, which can frequently 
be shown to have travelled great distances. 

Erratics rest on bare rock, till, and angular d6bris 
alike, and they are also found on the slopes of certain 
hillocks of gravel and sand in the Lowlands. The 
position they occupy in the mountain valleys is often 
precarious — ^perched at a great height on some narrow 
ledge or jutting point of rock, where it would seem as 
if a slight push might send them bounding to the 
bottom. 

As a general rule they prove to have been car- 
ried from higher to lower levels; the rocks of 
which they once formed a part stand at a greater 
elevation than those upon which they now repose. 
But to this rule there are exceptions ; for loose 
boulders are occasionally found at a considerably 
greater height than the rock from which they have 
been broken. 

What, then, do we learn from the erratics ? How 
do we account for the scattering of those far-travelled 
blocks over, we may say, the whole face of the 
country. Some of them, it is evident, must have 
crossed wide valleys and considerable hills before 
they eame to a final rest. The highland boulders on 
the Pentlands and the Lammermuirs, for example, 
after crossing Strathallan or Stratheam, traversed 
either the Campsie or the Ochil Hills, and passed 
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athwart the broad vale of the Forth before they 
finished their journey. By what agent were they 
transported ? The answer is — by a colossal glacier. 
So in like manner would I account for the presence of 
the numerous grey granite boulders that strew the 
slopes of the Galloway mountains, and are found 
distributed far and wide over the low-grounds at their 
base ; for the boulders that cluster so numerously 
along the northern face of the Ochils; for the perched 
blocks that occur up to great heights in the glens 
and valleys of the Highlands ; and for those that dot 
the surface of Orkney and Shetland and the islands 
of the Hebrides. But, as I shall point out in Chapters 
XVII. and XVIII., icebergs and ice-rafts have also had 
something to do with the distribution of the erratics. 

It is a fact that most, if not all, the erratics have 
travelled in directions that coincide mth the trend 
of the rock-striffi. Thus in Lewis we get boulders 
of Cambrian sandstone on the beach at Barvas (on the 
west side of the island), and at the Butt, which have 
evidently travelled either from Stornoway, or the 
mainland ; now the low-grounds of Lewis are 
glaciated from south-east to north-west. In Aber- 
deepshire and Forfar all the erratics have streamed out- 
wards from the mountains. It is the same in Perth- 
shire, Argyle, Boss, and other highland districts. 
In the southern counties the same rule holds strictly 
true. The erratics lying loose upon the grotmd have 
moved in the identical direction followed by the till 
of the same regions — a direction which it need hardly 
be said coincides with that of the underlying rock- 
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striations. Indeed, when the till is carefully searched 
it not infrequently yields fragments of the same rocks 
as those of which the erratics lying loose at the 
surface are composed. Thus, as mentioned in a pre- 
vious page, fragments of highland rocks are got in 
the tiU of the Ochils, the Campsies, and the Paisley 
Hills. I have seen also bits of mica-schist in the 
till at Eeston in Berwickshire. 

Let us for a moment recall the appearance 
presented by Scotland during the accumulation of 
the till, and then consider what would be likely 
to result upon a gradual change of climate. When 
the cold was at its climax one great sheet of snow 
and ice enveloped the whole country, above which 
perhaps only the tips of some of the higher moun- 
tains appeared. As this ice-sheet melted away, 
and the great confluent glaciers withdrew from the 
bed of the shallow seas, of course the surface of 
the ice must have been lowered in proportion, for 
melting would take place atop just as at the ex- 
tremities. As a consequence of this, more and 
more of the mountain districts would peer above 
the waste, and frost would then rupture the rocks — 
and rubbish, and debris, and great blocks falling 
upon the ice, would be carried outwards in the 
direction of its flow. In this way long trains 
of erratics would be travelling north, south, east, 
and west, from the Highlands, and in similar direc- 
tions from the Southern Uplands. As the ice con- 
tinued to melt, hills like the Pentlands would begin 
to rise above the level of the ice, and form islands 

Q 
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in a great mer de glace ; and just as the retreating 
tide will strew the beach with the waifs of ocean, so 
the ice-current, as it pressed upon and slowly crept 
away from these desolate islands, would leave upon 
their frozen shores the wreckage of the distant 
mountains. The surface of the ice still sinking, 
erratics would be left stranded on mountain-slopes and 
hill-sides at ever decreasing levels, until at last, the 
mer de glace having shrunk beyond the reach of the 
waves, erratics toppled over the terminal fronts of 
the glaciers upon the Lowlands themselves. And so 
the process would continue until the glaciers had 
shrunk back into their mountain valleys. 

It would thus appear that the erratics belong to 
different stages of the glacial epoch. Those that 
lie upon the islands,, and, at great heights on such 
hills as the Pentlands, are, in all probability, as 
old as the bouldcr-clay of the maritime districts, 
while those occurring at lower levels, and nearer to 
the mountains, must date to more recent times. 

There is an apparent difficulty in accounting for 
the transportation of erratics from lower to higher 
levels. It is evident, however, that these could not 
have been carried on the surface but must have been 
pushed on below, or carried along engorged in the 
ice.* But if erratics and the morainic debris described 
above, were scattered over hill-tops and strewn along 
mountain-slopes by gigantic glaciers, it is evident 
that much moraine matter must also have been left 
upon the Lowlands, as the ice gradually drew back 

♦ Erratics of the same character occur in Sweden. See posfea, chapter XXVI. 
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to the mountain valleys. Have we any trace of 
such terminal moraines, and, if not, what has become 
of them? To answer these questions we must 
consider now the upper drift deposits of the lowland 
districts. 

In the districts referred to, the till and boulder- 



Fig. 37.— Sand and gravel resting on denuded surface of till, railway 
cutting, near Douglas Mouth Biidge, Lanarkshire. 


clay are overlaid in many places by great masses 
of distinctly water-worn materials. These deposits 
occur at all levels, from the coast up to a height of 
more than 1,500 ft. above the sea. The most charac- 
teristic form assumed by them is that of rolling 
mounds, cones, and ridges, all of which consist, for 
the most part, of gravel and sand. To such an 
extent, indeed, is this the case that the whole group 
is often spoken of as the “ sand and gravel series.” 
It does not cover nearly so large a tract of ground 
as the till. In the higher mountain regions many 
miles of country may be traversed without dis- 
covering a single patch of sand or gravel. As a 
general rule the deposits belonging to this group 
are confined to lowland districts, where they appear 
at first sight to be distributed in a most arbitrary 
maimer. Occasionally we may follow them for miles, 
when all at once they will die out, and then we 
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may not meet with them again until we have passed 
into a quite different district. Again, they may be 
represented by only one or two mounds, often widely 
separated, with no trace of sand or gravel in the 
intervals. I have not infrequently come upon a 
solitary and isolated mound of sand and gravel, in 
regions where for many miles around the only super- 
ficial covering upon the rocks was till. But capricious 
as the distribution of the series may be, we shall 
yet find that this drift is arranged and grouped 
with a certain definite relation to the external form 
or contour of the country. 

The sands and gravels have, as I have just said, 
a tendency to shape themselves into mounds and 
winding ridges, which give a hummocky and rapidly 
undulating outline to the ground. Indeed, so char- 
acteristic is this appearance, that by it alone we are 
often able to mark out the boundaries of the deposit 
with as much precision as we could were aU the 
vegetation and soil stripped away and the various 
subsoils laid bare. Occasionally, ridges may be 
tracked continuously for several miles, running like 
great artificial ramparts across the country. These 
vary in breadth and height, some of the more con- 
spicuous ones being upwards of four or five hundred 
feet broad at the base, and sloping upwards, at an 
angle of 25° or even 35°, to a height of 60 ft,, and 
more above the general surface of the ground. It 
is most common, however, to find mounds and ridges 
confusedly intermingled, crossing and re-crossing 
each other at all angles, so as to enclose deep hollows 
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and pits between. Seen from some dominant point, 
such an assemblage of kames, as they are called, 
looks like a tumbled sea — the ground now swelling 
into long undulations, now rising suddenly into 
beautiful peaks and cones, and anon curving up 
in sharp ridges that often wheel suddenly round so 
as to enclose a lakelet of bright clear water. Fine 
examples of sand and gravel hills are seen in Lanark- 
shire, at Carstairs and Camwath. They are also 
well developed in Haddingtonshire, near Cockbmns- 
path ; in Berwickshire, at Dunsc, and north of Green- 
law; in Eoxburghshire, at Eckford; and another 
fine set is seen in the valley of the Tweed, at Wark 
and ComhiU, Northumberland. At Leslie and Mark- 
inch, in Fifeshire, a similar scries occiu’s, and 
like accumulations appear more or less abimdantly 
throughout the lowland districts. 

Not infrequently the slopes of the kames are 
carpeted with fresh green turf, in strong contrast 
to the more sombre-hued vegetation of the sur- 
rounding clay-covered tracts. The local names in the 
country sufficiently attest this peculiarity. “ Green 
Hills” are of very common occurrence, and I have 
usually found the name, restricted either to kames 
or to certain little projecting bosses and cones of 
friable, decomposing, igneous rocks. When the 
kames are composed of large stones, the vegetation 
on their slopes becomes coarse and poor, and the fresh 
green grass then gives place to clumps of broom 
or stunted gorse. This is more usually the case 
with the sharper ridges and peaked cones, these being 
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made up chiefly of coarse gravel and shingle. The 
gentler imdulations consist for the most part of fine 
sand and gravel, and hence, in a rough way, the 
slope of a kame and the character of the vegetation 
that clothes it serve as a kind of index to the nature 
of the materials lying below. 

Almost all the isolated solitary mounds that I 
know of are made up of fine sand, and some of the 
best examples of these occur in Fifeshire. A small 
one, quite close to Dunfermline, is locally famous 
under the name of Mont Dieu. According to old 
story this drift mound owes its origin to some 
unfortunate monks who, by way of penance, carried 
the sand in baskets from the sea-shore at Inver- 
keithing. A similar tradition accounts for a conical 
hill of fine sand at Lmton, ia the valley of the 
Eale Water, Eoxburgshire ; of this Mil it is said 
that “two sister nuns were compelled to pass the 
whole sand through a riddle or sieve as a penance 
for their transgressions, or to obtain pardon for a 
crime of a brother.” * 

Another mound of the same material (Norrie’s Law), 
a few miles north from Largo, in FifesMre, is noted 
as the burial-place of some great worthy of past times. 
Who he was docs not appear, but no doubt he must 
have been “ a superior person,” for he was buried in a 
suit of silver armour, most of wMch, unfortunately, 
found its way lo the melting-pot soon after its dis- 
covery by a farmer. Other isolated cones, in various 
parts of the country, have often been described by 

♦ History and Antiquities of Roxburghshire, By A. Jeffrey, vol. i. p. 41. 



UPPER DRIFT DEPOSITS OF SCOTLAND. 231 

local antiquaries as tumuli, apparently for no other 
reason than that they resemble these in external 
appearance. It is not unlikely, however, that such 
cones may occasionally have been used as burial- 
places. It is certain, too, that some of the bolder 
ridges and moimds have been fortified and utilised 
for puq)oses of defence, the ditches scooped in their 
sides being still apparent. Protected by strong 



Fig. 38. — Section across kamo, Douglas Railway, near Lanark. 


palisades of wood, and surrounded as most of them 
probably were by dense foi'cst, one can easily see 
how an abrupt kame or steep cone might be made 
a very formidable fortress in the days of spears and 
arrows. 

The deposits of which the kames arc composed 
are usually stratified, and, in some of the finer- 
grained aecumulations, very beautiful examples of 
false or diagonal bedding frequently occur. But 
in many cases the coarser heaps of gravel and shingle 
do not exhibit any traces of stratification, the stones 
being piled up in dire confusion. It is remarkable, 
however, that the gravel-stones, whether small or 
largo, are almost invariably well-roxmded and water- 
worn. This is at moderate elevations; but at the 
highest elevations reached by the kames this water- 
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worn aspect becomes less conspicuous, 
or Tanisbea altogether. Occasionally, 
too, we come upon a large stone, or 
boulder, embedded in the sand and 
gravel, but this is by no means a 
common occurrence; on the contrary, 
when erratics are found associated with 
kames, they almost invariably repose 
upon the tops and slopes of these hil- 
locks. Sometimes the bedding of the 
kames is much confused, as if, after the 
layers of sand, clay, and gravel had 
been laid down in a horizontal or 
nearly horizontal plane, some force had 
squeezed and pushed them out of place, 
twisting, folding, and crumpling them 
up ; but this also, as far as my expe- 
rience goes, is not a common occur- 
rence. 

Associated with the sand and gravel, 
we here and there come upon deposits 
of silt and clay which have occasion- 
ally been worked for brick-making. 
These beds are usually finely laminated. 
But neither in them, nor yet in the 
sand and gravel, have any organic re- 
mains been discovered. 

In some hilly districts we find the 
slopes of the ground fringed, at uni- 
form levels, with shelves and terraces 
of sand and gravel. These shelves and 
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terraces generally dip outwards and downwards, with 
a gentle inclination from the high grounds against 
which they abut. Occasionally, several such plat- 
forms occur in succession, and, when seen in profile, 
resemble giant staircases. The deposits of which 
they are composed are usually more or less well 
bedded, and consist of gravel and sand, with which 
clay is sometimes intermingled. The deposits, how- 
ever, are not always well waterwom; sometimes, 
indeed, they consist of only angular or subangular 
stones, and a kind of earth or earthy sand and clay. 
None of them have as yet yielded any organic 
remains. 

A very fine example of the phenomena described 
occurs at Enoch near the village of Eaglesham, about 
twelve miles south-west from Glasgow. In the ac- 
companying section, the general outline of this series 
of terraces is shown ; t represents the till, s the sand 
and gravel, and the figures indicate the height in feet 
above the sea-level. 

Having now given an outline-sketch of the sand 
and gravel series, we may proceed to inquire into 
the origin of these deposits. In doing so I shall 
supplement the facts already adduced by further 
evidence, which, for convenience’ sake, has been 
reserved to this place. 
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UPPER DRIFT DEPOSITS OF SCOTLAND — Continued. 


Distribution of the kauies. — Karnes of Carstairs and Douglas Water ; of the 
Kale and the Teviot ; of the Whiteaddor valley ; of Kinross-shire ; of 
Leslie and Markinch, in Fifeshire ; of the Carron Water ; of Perthshire 
and Forfarshire ; of the valleys of the Don, Dee, Ythan, Deveron, Spey, 
and Findhom; of the vale of the Ness; of the Beauly Frith. — Sand 
and gravel along flanks of hilly ground between rivers Clyde and 
Irvine. — Absence of kames, &c., in Lewis and Caithness. — Evidence of 
transport down the valleys. — I’assage of well-rounded gravel into 
angular gravel and debris at high levels. — Sand and gravel overlying 
morainic debris. — Denudation of older drifts in sand and gravel districts. 
— Evidence of river action. — Fossils in ancient river-gravels, &c. — Iso- 
lated cones and ridges of gravel and sand, and high-level terraces. — 
Evidence of action of sea. — Sand and gravel drift of Peeblesshire. — 
Limits of submergence of Scotland. — Summary of conclusions. 

TF there have been many opinions held concerning 
the mode of formation of till, there have been 
just as many theories offered in explanation of the 
origin of kames. Some vmters have insisted that 
these find their nearest analogues in the terminal 
moraines of alpine glaciers, others have maintained 
their fiuviatile origin, while a yet larger number 
of observers unite in ascribing them to the action 
of the sea. With each of these apparently conflicting 
opinions I partially agree. Neither, taken alone, 
contains the whole truth, but when the three are 
combined it seems to me that we have a simple and 
natural explanation of the phenomena; and I shall 
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now attempt to point out the line of reasoning which 
has led me to this belief.* 

It appears to hold generally true of all the larger 
areas of the kame deposits that these occur in valleys 
at or near where the rivers escape from the confined 
mountain glens or upland dales to enter upon the 
broad low-grounds. And not only so, hut the 
extent of the gravel beds seems frequently, if not 
always, to he in direct proportion to that of the 
drainage-area in which these occur. When this 
last is very extensive the kames almost invariably 
attain a vast development. On the other hand, 
when the river system is comparatively insignificant, 
so likewise are the deposits of sand and gravel that 
cumber the ground where the main valley begins 
to open out upon the Lowlands. A few examples will 
illustrate my meaning. 

If the Ordnance Survey map (sheet 23) be examined, 
it will he observed that the river Clyde, after leaving 
the hilly eountry through which it flows in a general 
northerly direction, suddenly turns to the west, near 
where it is crossed by the Caledonian EaQway, so 
as to skirt for some miles the base of the Uplands 
from which it has just escaped. Immediately to the 
north of this westerly part of the river’s course (in the 
neighbourhood of Carstairs and Camwath) the ground 
rises in a very gentle incline, and undulates away to 
north and north-east for several miles, at a general 
level of little more than one hundred feet above the 

* The results I have arrived at do not differ greatly from the views held by 
Mr. Jamieson. 
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river. It is precisely here where we encounter a 
widespread series of kames, cones, mounds, and banks 
of gravel and sand. Standing among these hillocks 
and turning towards the south we look right up the 
valley of the Clyde and into the great Uplands. But 
the gravel deposits in this case are not restricted to 
the low-grounds on the northern slopes of the river 
valley. Considerable heaps of gravel and sand may 
be traced up to and even beyond Lamington, at 
heights which could not possibly be reached by the 
present river, and these deposits are clearly a contin- 
uation of the similar accumulations near Carstairs. 

Some four or five miles below Carstairs the Clyde 
receives on its left bank the tribute of the Douglas 
Water, a considerable stream, draining a large area. 
It takes its rise on the slopes of Cairn Table, at a 
height above the sea of 1,500 ft., and reaches the Clyde 
after a course of fifteen or sixteen miles. In the 
lower reaches of its valley we find numerous heaps 
and mounds of gravel and sand, and the same deposits 
are cut through by the Clyde opposite the mouth 
of the Douglas Water. These deposits, however, are 
by no means so extensive as those in the neighbour- 
hood of Carstairs. 

Another considerable assemblage of moimds, hil- 
locks, banks, and undulating flats of sand and gravel 
occupies a similar position in the valley of the Kale 
Water, between the base of the Cheviot Hills and the 
Eiver Teviot, near Eckford. This is a rather striking 
example of the phenomena imder review. The Teviot 
here runs north-cast, skirting the outlying spurs of 



UPPER DRIFT DEPOSITS OF SCOTLAND. 237 

the Cheviots, which are seen rising up boldly in the 
south. After receiving Jed and Oxnam Waters, 
the river suddenly wheels away from the hilly ground 
and makes directly north for the valley of the Tweed, 
being joined about a mile below Eckford by the Kale 
Water. From this point the whole valley of the 
Kale, up to where the stream escapes from the 
Cheviots, at Morebattle, is more or less covered with 
gravel and sand, which rises into banks and mounds, 
and extends in broad undulating flats. Similar deposits 
are seen opposite the junction of the Kale with the 
Toviot on the west bank of the latter river. None 
of these accumulations could possibly have been 
formed by the present streams ; they are not only too 
extensive, but they occur also at too great an elevation. 

We find similar appearances characteristic of the 
Lammermuir districts. The Whiteadder Water, for 
example, after leaving the Lammermuir Hills, enters 
upon a low-lying undulating country, which is thickly 
strewn with sand and gravel over an area many 
square miles in extent ; and the great bulk of these 
deposits is strictly confined to the drainage-area of 
the water. Along the northern flanks of the same 
hills similar’ phenomena recur, the low-grounds being 
plentifully coated with gravel and sand opposite the 
mouths of the larger upland valleys. 

On the opposite slopes of the Forth Basin excellent 
examples are not wanting. Considerable accumula- 
tions pf gravel and sand extend along the low-grounds 
of Kinrosshire, opposite the valleys that open from 
the Ochils. Again, if we follow the course of the 
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Leven we shall find that, shortly after leaving the 
Loch, it flows through a great series of mounds, 
hillocks, and banks of gravel and sand, which are 
especially well seen at Leslie and Markinch. 

Eeference may also he made to the great sand and 
gravel heaps that occupy the low-grounds at the base 
of the Kilsyth Hills, within the drainage-area of the 
Carron Water. 

Mounds, irregular banks, and extensive sheets of 
the like materials attain a vast development along 
that great trough that lies between the Perthshire 
Highlands and the Ochil Hills. It will be found 
throughout this wide tract that the sand and gravel 
bulk most largely opposite the mouths of the large 
mountain valleys. 

In Forfarshire, and indeed along the whole north- 
east of Scotland, we invariably find that the greatest 
gatherings of gravel and sand are collected in similar 
positions, and that they frequently ascend the larger 
valleys for long distances. Vast deposits, for example, 
crowd the valleys of the I)on, the Dee, and the 
Ythan, and the same appearances are repeated, as 
Mr. Jamieson has shown, in the rivers that drain 
north-east into the Moray Frith, as for Example the 
Deveron, the Spey, and the Findhom. In the neigh- 
bourhood of Inverness like masses of water-worn 
materials form conspicuous objects in the Vale of the 
Hess, and at the head of the Beauly Frith the lower 
reaches of the Farrar exhibit similar accumulati9ns. 

In all the cases now cited, and many more might 
be given, the extent of the gravel and sand deposits, 
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which frequently assume the form of cones, peaks, 
and ridges, is invariably proportionate to the drainage- 
area of the valleys in which they occur. The same 
fact becomes more conspicuous when we limit our 
attention to any well-defined hilly region of the 
central Lowlands. Take, for example, that broad, 
undulating hilly district, which, beginning at the 
Frith of Clyde, extends south-east along the borders 
of Eenfrewshire, Ayrshire, and Lanarkshire, until 
it gradually falls away into the valley of the Clyde, 
near Strathavon. This wide district forms the water- 
shed between the Irvine and numerous small tributaries 
of the Clyde. 

Along both fianks of this wide, hilly, and moorland 
district it holds generally true that all the larger 
accumulations of gravel and sand arc disposed at or 
near where the streams leave the hills and enter upon 
the low-groimds — ^the extent of these deposits being 
in proportion to that of the drainage-area and the 
height of the watershed. Valleys draining a limited 
district of low elevation have no marked accumula- 
tions of gravel and sand at their mouths ; on the other 
hand, valleys draining from lofty sheds invariably 
contain in their lower reaches extensive deposits of 
gravel and sand, which are frequently heaped up into 
mounds, and the larger the valley the bulkier the 
accumulations of water- worn materials. These pheno- 
mena are well illustrated by the valleys of the Dusk, 
the Lugton, the Crawick, and the Crawfurdland 
Waters, and by thfe Avon and its tributaries — the Glen- 
gaber, the Calder, the Kype, and the Locher Waters. 



240 


THE GREAT ICE AGE. 


We may now glance very briefly at some of the 
low-lying districts in the extreme north of Scotland. 
Some reference has already been made to the gla- 
cial phenomena of Lewis. The northern portion of 
that district may be described as a wide undvilating 
moorland, no portion of which rises higher than a few 
hundred feet above the sea. It is drained by several 
inconsiderable streams flowing from the central axis 
of the island to north-west and south-east. In the 
extreme south there rises a bold line of mountains, 
against which the moorlands somewhat suddenly abut. 
But from this mountain district only one large valley 
opens upon the low-groimds to the north, and this 
hollow is entirely occupied by Loch Langabhat. 

Now, nowhere in Lewis, neither in the undulating 
moorlands to the north, nor along the slopes of the 
mountains in the south, do any heaps of gravel and 
sand occur. Not a single trace of kames is to be m^t 
with in any part of that Region. A similar absence of 
gravel mounds and heaps, as Mr. Jamieson has re- 
marked, characterizes the great flats of Caithness. * 

Enough, perhaps, has now been said to give the 
reader some notion of the mode in which the larger 
acciimulations of gravel and sand are distributed 
throughout the country. A word or two may now 
be added in regard to certain appearances presented 
by the deposits themselves. 

I have said that in the case of the larger valleys 
and glens the gravel beds frequently ascend these 
hollows for some distance. When this happens these 
deposits almost invariably give evidence to show that 
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they hare been oarried along by a force acting in 
a direction down the valley. This is most conspicuoTis 
in the long flat-topped banks and irregular terraces 
with an undulating surface, but it may also be some- 
times noticed in the lower or undermost portions of 
well-marked ridges, or typical kames. Abundant 
evidence on this head will be found in the valleys 
of the Tweed and some of its tributaries ; in the 
upland districts traversed by the Clyde; in Annan- 
dale, and many other drainage-areas in the south of 
Scotland. Mr. Jamieson, several years ago, recorded 
the fact in reference to the great valleys of the Spey, 
the Findhom, and other rivers in the north. 

Another peculiar appearance has next to be noticed. 
When the gravel beds are traced far up the valleys, 
they are frequently seen to pass into a kind of earthy 
angular debris, and the same kind of angular earthy 
stony rubbish is often found to form the upper limits 
of the sand and gravel series when these deposits are 
followed up the sides of the valleys. This angular 
d6bris is not to be confounded with that coarse rub- 
bish which the frosts are yearly sprinkling over 
steep mountain-slopes. It forms in places distinct 
mounds, which are usually quite unstratified. Such 
angular gravels are well developed along the foot of 
the Moorfoot Hills. They bear a close resemblance 
to the moraine rubbish which accumulates in front of 
an alpine glacier, and a close search among them 
will sometimes detect a glaciated stone or two. But 
for many reasons, which will presently appear, it is 
often extremely difficult to say what relation the 

B 
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kames and mounds of the low-grounds bear to the 
angular rubbish and perched blocks of the mountain 
regions. These kames, as we have seen, form part 
and parcel of vast gravel and sand deposits which fre- 
quently ascend the valleys for great distances, until, as 
just stated, they pass into a kind of loose morainic debris. 
Now the sides of such valleys are usually sprinkled 
with moraine matter, and dotted over with erratics, 
from the head of the valley down to the low-grounds. 
When this is the case it is clear that the gravels and 
sand occupying the bottom of the valley must be of 
more recent date than the coarse debris that hangs 
upon the mountain-slopes on either side. The gravel 
beds of the Tweed at and above Drummelzier, for 
example, are clearly of more recent formation than 
the morainic debris over which and against which 
they He. But the more typical assemblages of kames 
usually occur upon the low-grounds just beyond the 
mouths of the valleys in places where there is as a 
rule no morainic debris to be seen. Cases, however, 
do occur where well-marked kames run along hill- 
sides that are sprinkled with moraine matter and 
dotted with erratics, in such a way as to show that 
these last were deposited before the kames. 

One other fact remains to bo mentioned. In all 
the valleys that contain gravel and sand in any 
quantity both the till and the morainic debris have 
suffered extensive denudation — often all that is left 
being a few large boulders scattered here and there 
along the sides of the vaUoys. Nor can we be jbn 
doubt as to the direction from which the denuding 
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agent came; for while the till and morainic debris 
have been stripped from the faces of such knolls and 
projecting rocks as look up the vaUey, the same 
deposits are found sheltering in the rear. 

Now putting these various considerations together 
the conclusion seems forced upon us that all those 
accumulations of water-worn materials whose pecu- 
liar distribution has now engaged our attention, owe 
their origin to currents that once flowed down the 
valleys. And not only so, but we must also admit 
that those currents were proportionate in size to the 
extent of each particular vaUey-system in which such 
accumulations are found. In short, we can only, as I 
think, account for the appearances described by 
attributing the deposition of the greater areas of 
gravel and sand to river-action. But if so, then the 
rivers must have greatly surpassed in volume and 
breadth their present puny representatives. It is 
impossible to conceive that the masses of gravel and 
sand occupying the lower reaches of the upland valleys, 
and some of the highland glens, could be laid down by 
rivers like the present, even although those were to 
continue in constant flood. Some great change has 
taken place since the old gravel beds were deposited 
— ^the amount of water circulating in the valleys has 
in some some way vastly diminished — some of the 
rivers have even ceased to flow in their old courses 
and are now working out for themselves new channels 
— dnven from their former beds by the huge heaps of 
detritus which they themselves, at some early period, 
carried down from the mountain regions. 
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The explanation appears to be simply this. The 
great ice-sheet underneath which the till accumulated 
had, after depositing the boulder-clay, continued to 
retire until, as already described, it was reduced to a 
system of gigantic local glaciers. In summer-time 
such streams and rivers as flowed in glacier- valleys 
would be vastly swollen by the water derived from 
melting snow and ice. Great currents would sweep 
down the valleys, carrying with them the angidar 
d6bris derived from terminal moraines and from 
freshets rushing down the slopes of the hills. As 
this debris was hurried along, it would gradually bo 
rounded by attrition, and eventually pass into good 
gravel. At the same time the tiU and ancient 
morainic debris over which the river rushed would 
be denuded and washed away from exposed positions. 
As the valley widened the river would also expand 
and begin to deposit material ; if, however, the valley 
continued comparatively narrow until where it sud- 
denly opened into the low-grounds, then the river 
would suffer but little gravel to gather in its course, 
but would sweep everything onward imtil it escaped 
from the hilly regions, when it would at once expand 
and throw down the major portion of its burden. 
One may still see upon a small scale how this 
process was carried on, by examining the behaviour 
of such little mountain brooks as are liable, upon 
every thunder shower, to be converted into roaring 
torrents. When these torrents are swollen with rain, 
they rush impetuously downward, often completely 
filling the deep gullies in which they flow. Arrived at 
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the base of the mountains, they immediately spread out 
and deposit heaps of stones, debris, and coarse sand. 
In course of time long sloping banks are thus formed, 
which expand in fan-shape from the foot of the gullies. 
When but little water is flowing the brooks employ 
themselves in cutting courses through that thick 
debris which only sudden floods could have enabled 
them to carry. 

The larger areas of gravel and sand are, therefore, 
strictly analogous in origin to the heavy masses of 
gravel and coarse sand that strew the beds of alpine 
valleys. Those who are familiar with the appearances 
presented by such areas as that of the Aar, the Bhone, 
and other well-known Swiss districts, or by the 
glacier valleys of Norway, as that of the Justedal, 
or the smaller but even more interesting ones of Fon- 
dalen, wiU be the first to recognise the close similarity 
of the Scottish gravel beds to those characteristic 
of glacier regions. Like these latter the Scottish 
deposits are quite unfossiliferous. Some time ago, 
however, I obtained from a thin bed of sand in the 
series numerous small bones, which Professor Huxley 
determines to be those of frogs and water-rats. Thus 
at the time the gravel beds were forming the country 
could not have been a totally uninhabited desolation. 
But the further consideration of the physical condi- 
tions imder which these deposits were accumulated 
win perhaps be better understood after we have 
concluded om examination of certain phenomena con- 
nected with the gravel beds, to which we have as 
yet only alluded. 
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In our general description of the sand and gravel 
series mention was made of certain isolated cones and 
solitary ridges, and of shelves or terraces that here 
and there fringe the slopes of the hUls. The reader 
will also remember that much of the sand and gravel 
opposite the mouths of the upland valleys is arranged 
in the shape of peaked cones and ridges, and that the 
material of which these curious hillocks is made up 
not infrequently shows beautiful diagonal bedding. 

No one can examine a typical kame, such as that 
near Greenlaw, in Berwickshire, without feeling 
assured that it owes its shape to the mode in which 
its materials were heaped up. In not a few cases, 
however, the rapid undulations so characteristic of sand 
and gravel areas arc clearly due to denudation. The 
deposits have not originally been heaped up as 
mounds, but are only the remnants of larger deposits — 
of broad terraces or flats — through which more or less 
deep hollows have been worn by the action of water. 
The abrupt manner in which the layers of sand and 
gravel are cut off by the slopes of the so-caUed kames, 
shows that many of them have been so formed. 

But while thus admitting that many mound-shaped 
hillocks of gravel and sand are only the denuded 
remains of what were once continuous flats of fluvia- 
tile origin, still there are appearances connected with 
the more typical assemblages of kames, cones, and 
mounds which can hardly be explained by what we 
know of rain- and river-action. To account for some 
of the phenomena we are apparently compelled to 
call in the agency of the sea. The deep circular 
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depressions, surrounded on all sides by smoothly- 
rounded cones and banks, and often occupied by lake- 
lets or peat mosses, cannot possibly be due to the 
action of rirers ; the well water-worn character of the 
gravel precludes all chance of the deposits being 
morainic, and the generally undisturbed appearance 
of the bedding shows that the mounds have not been 
caused by glaciers advancing upon and pushing up 
before them pre-existing beds of gravel and sand; 
although, as Mr. Jamieson has suggested, some of the 
kames may have been formed in this way. Even 
with this admission, however, we can hardly escape 
crediting the sea with the formation, or, at all events, 
with the shaping-out of many and even most of the 
characteristic kames. 

At lower levels than 900 ft. they frequently 
exhibit diagonal or false bedding. This appearance 
points to the action of shifting currents in a some- 
what shallow sea. It is well known, of course, that 
diagonal bedding also occurs in undoubted fresh- 
water deposits, but only in a very partial manner. 
In some gravel and sand areas, however, it is so wide- 
spread and common that we are justified in consider- 
ing it rather as an indication of marine than df 
fluviatile action. 

Again, when we take into consideration the fact 
that isolated cones and ridges sometimes o^cur in 
zones that run along an exposed hiU-face, far removed 
from any valley, or are dotted here and there over 
extensive moorlands away beyond the reach of any 
possible river; and when, moreover, we note that 
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strings of gravel ridges and mounds may sometimes 
be followed up one valley across the dividing col 
into a totally different drainage-system, we cannot but 
conclude that ordinary river-action is out of the 
question as an explanation of the phenomena. In the 
present state of our knowledge, we appear to have no 
alternative but in such cases to admit the marine 
origin of such kames. 

The same assumption is necessary to explain the 
occurrence of those elevated shelves or terraces which 
here and there fringe the slopes of the hills. The 
shelves of gravel at Eaglesham, for example, appear 
to be ancient sea-beaches. It is true that they con- 
tain no trace of shells, but still, when we consider 
their position upon an exposed hill-face where no 
temporary lake could possibly have been formed by 
any glacier, the probability of their fresh-water origin 
seems to be out of the question. The water that 
spread them along the slopes of the Eaglesham hills 
must have stretched far away for some sixteen miles 
at least, until it abutted upon the flaiiks of the Kilpa- 
trick and Campsie hills. The highest of the terraces 
does not reach beyond 800 ft. above the level of the 
sea. Similar terraces, however, have been met with 
at greater elevations. I have traced them on the 
Moorfoots up to a height of 1,050 or 1,100 ft., and 
these, like the Eaglesham beds, seem equally to require 
the agency of the sea. Still further south high-level 
shelves of gravel and sand have been detected by my 
colleague, Mr. H. M. Skae, in Nithsdale, at a height of 
1,250 ft. above the sea. But he agrees with me that these 



UPPER DRIFT DEPOSITS OF SCOTLAND. *49 

may possibly have been deposited in a temporary lake 
during the retreat of the great ice-sheet, and while a 
massive stream of ice yet occupied the broad vale of 
the Nith. Several instances of the occurrence of 
stratified accumulations of sand, gravel, clay, and silt, 
at considerable elevations in the Northern Highlands 
are given by Mr. Jamieson,* and at one time he was 
inclined to consider these as of marine origin. But he 
now thinks it doubtful if they are, seeing that 
“similar stratified beds are frequently found in 
Alpine districts which have been occupied by gla- 
ciers,” and which there is no reason to believe have 
been submerged since those glaciers melted back. 

But there arc yet other considerations which seem 
to render it extremely probable that many of our 
kames have been shaped out by the action of the sea. 
I shall try to make this plain by describing briefiy 
one district where they are typically developed. 

In Peeblesshire shelves and terraces of gravel, 
which can hardly be other than marine, occur at 
a height of 1,050 or 1,100 ft. Let us then for the 
moment assume that this level indicates the degree 
of submergence experienced in the south-east of 
Scotland, and then glance at the peculiar distri- 
bution of the kames in the valleys of the district 
referred to. These do not occur in all the valleys 
alike — some they quite choke up, from others they are 
entirely absent. Nor at first sight is there anything 
remarkable in the valleys themselves to account for 
this anomaly. They may be wide or narrow, deep or 

• (iuorttriy Jmnul «/ Qtohgical 1866, p. 177. 
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tsbaSlow, ¥1116]]^ or comparatively straight. But 
■wlien the height of the various watersheds and 
dividing cols is .compared with that of the high- 
level shelves, the kames are then found to be re- 
stricted to valleys whose cols are either at or below 
1,100 ft. — ^that is, the level reached by the gravel 
terraces. If now we, in imagination, depress tbe 
Peeblesshire uplands until these terraces are washed 
by the waves, we shall find that all the valleys which 
are occupied by kames form connecting straits between 
opener spaces of sea. Those valleys, on the other 
hand, whose cols and watersheds are higher than 
1,100 ft. would, on a submergence to this extent, 
become long fiords winding into the heart of the 
hills. Now, in such valleys, kames are either entirely 
absent or occur only at the lower ends, where the 
valleys expand into the more oj^en districts beyond. 

Putting these curious facts together we seem to 
gain additional assurance that some kames at least 
have been shaped out by the sea. If the land, for 
example, were to be covered by the ocean up to 
the level of 1,100 ft., certain valleys, as we have 
seen, would be converted into straits, and some 
of these straits could hardly escape being swept by 
strong currents. Those who have cruised much 
among the Western Islands will, no doubt, have a 
vivid recollection of the strong and rapid tides that 
sweep to and fro along the narrow straits. With 
such CTurents flowing through the submerged valleys 
of Peeblesshire, ancient river gravels, moraines, and 
till would be eroded, redistributed, and heaped up 
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into banks and ridges. Nor is the aspect presented 
by the fiord valleys of Peeblesshire less suggestive. 
In such valleys no current-action could take place, 
hence the till remains very much as the old streams 
left it, and the ancient valley gravels are not worked 
into kames. One has only to examine the work done 
by the sea in the western sea-lochs or the long fiords 
of Norway to become convinced that Neptune, when 
imprisoned in such deep, narrow ocean valleys, is 
powerless. The denudation in a cut de sac of this kind 
is inadequate to produce stratified heaps of well-rounded 
pebbles, the debris upon the shores of a sea-loch not 
being more water- worn than the shingle that fringes 
the margin of a confined inland lake. Along the 
Norwegian fiords we see wooden erections — ^landing- 
stages, warehouses, baths, &c. — ^resting upon long 
piles that arc driven into the bed of the sea. These 
stand well, for there is no wave-action to speak of, 
the water merely rising and falling with the tide. 
Upon such a coast, even when it shelves, weU-rounded 
pebbles and fine sand are exceptional. The mountain- 
slopes either plunge at once into deep water, or if 
there be any beach at all, that is most usually strewn 
with great angular blocks and coarse d6bris, detached 
from the rocks at the coast-line, more by the action of 
frost than by the power of the waves. 

Taking all these matters into consideration, it 
seems to me probable that this south-east part of 
Scotland was not submerged to a greater extent than 
1,100 ft. or thereabout. If, however, we are to take 
kames as tests of submergence, then we have evidence 
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to ahow that in the western districts a greater degree 
of depression was attained — ^my colleague, Mr. E. L. 
Jack, having detected kames in the Fintry Hills, at 
a height of 1,280 ft. above the sea. 

Some account of the erratics has already been 
given : it only remains to add that wandered boulders 
are found now and again reposing upon the tops and 
slopes of the kames — an appearance which, as we 
shall afterwards observe, is by no means confined to 
Scotland. Occasionally, too, they may be detected 
embedded in the kames ; but this is a somewhat rare 
occurrence — their most usual position is upon the 
outside. 

I shall now briefly summarise the results arrived at 
from a study of the morainic rubbish, perched blocks, 
and gravel and sand. 

When the great ice-shcot was beginning to deposit 
the bouldcr-elay which is now met with in the mari- 
time districts, the higher hills of the central Lowlands 
stood above the level of the mer de glace like islands 
in a frozen ocean. At the same time the mountain 
ridges of the Highlands and the bold hills of the 
Southern Uplands rose up so as to separate the ice- 
sheet into a series of gigantic local glaciers, which, 
however, still coalesced to form one mighty stream 
upon the broad Lowlands. Frost shivered the rocks 
and loosened out great blocks, which eventually 
toppled down upon the ice below, and, along with 
heaps of angular rubbish, were slowly carried away. 
Sometimes the stones and boulders fell into crevasses 
or between the ice and the rock of the mountain- 
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slopes, and so got ground and polished on one or 
more sides : but they always travelled farther and 
ferther off from their parent mountains. The tops 
of the lowland hills, peering above the ice, caught 
some of the wanderers as they drifted past, but many 
were borne out to the terminal front of the ice and 
dropped into the sea, where they mingled with the 
scratched stones that were being pushed out from 
underneath the glaciers. 

As the ice continued to melt, erratics and angular 
debris were stranded at ever-decreasing heights upon 
the moimtain-slopcs and hill-sides, and at last the ice 
drew back from the sea and the glaciers then dropped 
their rubbish upon the land. Great streams of water 
escaping from the melting ice swept the morainic 
matter down the valleys, and angular stones and 
rubbish, as they were pushed along, became rounded 
by attrition, and arranged by the rivers in great flats 
of gravel and sand. Thus, ever as the glaciers with- 
drew, the angular debris that gathered in front of 
them was ploughed down and distributed over the 
bottoms of the valleys by the swollen rivers, the 
perched blocks at great elevation on the sides of the 
valleys and upon the slopes of the lowland hills, still 
remaining to indicate the heights formerly reached by 
the glaciers.* There being no great river-valleys 
draining from mountain regions in the low-grounds of 

* I would again remind the reader that some of the crossing of stri» upon 
the rocks was in all probability caused during this recession of the ice-sheet. 
As the glaciers ceased to be confluent, their courses would in many cases bo 
modified. A good example is given in Trans, of Geol Soc, Qlasg.^ voL iv. 
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Lewis and Caithness, the absence of gravel deposits 
from such districts is easily accounted for. 

To what extent the ice was eventually reduced we 
have no means of ascertaining, neither do we know 
much of the climatal conditions which at this period 
obtained in Scotland. All that wo can safely assert 
is that the ice disappeared entirely from all the Low- 
lands, and drew back into the deeper mountain valleys. 
Of the plants and animals which at this time may 
have clothed and peopled the land, we know next to 
nothing. I have here and there in the gravel and 
sand-beds detected some vegetable matter, but in too 
decomposed a state to enable me to say what it was. 
In one section, however, near Carham, on the Tweed, 
I obtained from a bed of sand in the series numerous 
remains of water-rats and frogs. It would be hard to 
believe that these were the sole denizens of the land ; 
as yet, however, they are aU that we have got to 
show. 

After such conditions had lasted for a longer or 
shorter period, the land gradually sank into the sea. 
As it slowly went down the waves and currents 
ploughed up and redistributed much of the old glacial 
accumulations and river deposits. Broad terraces of 
gravel and sand were cut into, and their materials 
winnowed and re-arranged. Here and there also 
ridges of gravel and cones of sand were heaped up in 
places where no sand and gravel existed before — 
the sea using up for the purpose the till and morainic 
rubbish. 

To what depth the submergence extended has not 
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yet been ascertained. The position of the kames on 
the Fintry Hills vonld seem to indicate a depression 
of 1,238 ft. ; but in the south-east of the country 
the depression did not perhaps exceed 1,050 or 
1,100 ft. 

At some period during the submergence, probably 
as that approached its maximum, the climatal condi- 
tions would appear to have become severer. While the 
kames were being shaped out little or no ice could 
have been floating in the sea, otherwise erratics should 
have occurred plentifully inside the kames, but the 
presence of the wandered blocks, w^ich are strewn 
over the tops and slopes of the gravel ■'ems to show 
that after the formation of these hill* j and ridges, 
rafts of ice carried seawards blocks an angular stones. 
It must, therefore, bo often extremel difidcult to dis- 
tinguish such ice-floated erratics frtm those perched 
boulders which were left behind upon the land by the 
retreating glaciers. When the stones are proved to 
have travelled in directions which the ancient glaciers 
never followed, we may be sure that these at least 
have been dropped from floating ice; it is singular, 
however, that this can very seldom bo shown to bo the 
case, for nearly all the erratics have been carried out- 
wards from the mountains and distributed along the 
paths of the ancient glaciers. For example, the 
boulders of grey granite which occur so abundantly 
in the deep valleys of the Galloway mountains and 
are scattered over the hills up to a height of 1,700 
ft., are also widely sprinkled over the low-grounds 
at the foot of the mountains. They appear as far 
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north as the valleys of tho Girvan and the Boon, and, 
along with other erratics derived from the same knot 
of mountains, appear to bo distributed over all the 
low-grounds bordering on the Solway Frith. Blocks 
of the granite of Criffel are also widely scattered along 
the maritime districts of the north-west of England. 
But, as we have seen, it was precisely in these direc- 
tions, that the gigantic glaciers moved. If all, or even 
if any proportion, of tho erratics derived from the 
Southern Uplands had been transported by bergs and 
rafts during the period of submergence, surely we 
might have expected to meet with them in the Low- 
lands to the north. Why, for example, should they 
not occur in the north of Ayrshire, in Lanarkshire, 
and even in the Lothians ? The fact is, explain it as 
we may, that the erratics from the Southern Uplands 
never appear beyond the districts which are known 
to have been occupied by the great glaciers of the 
south. 

The same fact holds true in regard to the bouHers 
which have travelled from the Highlands. These are 
scattered over all the regions which are proved to 
have been covered with ice that flowed from the 
Highlands, but they never appear within the districts 
which, during the periods that preceded submergence, 
were continuously occupied by the great glaciers of 
the Southern Uplands. Yet if rafts and bergs did 
carry them south, why is it that we do not meet 
with erratics from the Highlands in the extreme south 
of Ayrshire, and indeed along the whole front of the 
Southern Uplands. We get them on tho Pentland 
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Hills, and we find them on the Lammermuirs, hut 
both rock-striations and till assure us that the high- 
land ice rubbed the northern slopes of these hills as it 
swept east and south-east into the bod of the German 
Ocean. But not a single trace of any highland 
erratics occurs within those districts of the south- 
west and south which are plentifully sprinkled with 
the grey granite boulders from the Galloway moun- 
tains. 

An impartial consideration of these facts, and of the 
phenomena connected with the retreat of the gigantic 
glaciers as described above, has led me strongly to 
suspect that we have hitherto greatly exaggerated the 
carrying powers of floating ice during the period of 
submergence. At most the only erratics which we 
can be at all sure were carried in this way, are those 
that sprinkle the tops and slopes of the kames, and 
this occurs only at comparatively low levels — at 
900 ft. or less.* 

1 * 8ee remaiks on thp rrnitics of the “ Northern Diift,” in chapter XXVI. 
!^(^ore leaving the subject of the Scottish erratics, I may refer to some 
observations by Principal Forbes “On the First Appearance of Stones 
(erratics) on the Surface of Glaciers ” {Occasiotial Papers, &c., p. 202), as 
perhaps throwing some light on the occurrence of boulders at considerable 
heights above the rocks from which they have been derived. He accounts 
for the appearance of certain erratics at the surface on the terminal slope of 
the Glacier du Nant Blanc and the Rhone glacier by inferring that they have 
actually been “introduced into the ice by friction at the bottom of the 
glacier, and forced upwards by the action of the frontal resistance,''' &c. 


S 



CHAPTER XYITT. 

rpi'Ei! 1>}!TFT DKPOSiTH OF SCOTLAND — Continued. 

SJielly clays of maritime districts. — Posiiion of these deposits with respect to 
older dritt accumulations.— (roneral character of hiick-clay sections. — 
Organic remains. — Ice-floated stones and boulders. — Crumpled and 
contorted bods. —General inferences. 

rj^HE deposits which we arc now about to consider 
are memorable in the annals of geological dis- 
covery. Mr. Smith, of Jordanhill, was the first to 
introduce them to notice, and the phcmomena as de- 
scribed by him at once convinced the most sceptical 
that an arctic climate had really at one time charac- 
terized our country. The deposits referred to occur 
more or less abundantly at many points along the sea- 
board, especially where the shore shelves sufidciently to 
give rise to a flat beach. Thus the low flats that 
fringe the margins of the Forth and the Clyde consist 
in large measure of these deposits, with a more or less 
thick covering of re-arranged or recent accumulations 
lying upon them. The low ground upon which Glas- 
gow is built, and which, as we trace it westward, 
widens out on eithet side of the river Clyde, especially 
south, by Paisley, Johnston, and Houston, so as to 
form a broad expanse many square miles in extent, is 
composed, for the most part, of fine sand, silt, and 
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brick clay, the lower portions of which deposits all 
belong to the glacial scries. Of like nature arc the 
under portions of those wide terraces of sand, silt, and 
clay, thi’ough which the river Forth flows for several 
miles before joining its estuaiy. Along the borders 
of that estuary similar deposits continue, and are occa- 
sionally exposed when the upper or more recent accu- 
mulations arc thin or wanting, as at Kirkcaldy, Elie, 
and Portobello. The same appearance recurs npcm 
the coasts of the Frith of Clyde, and many of the sea- 
lo(“hs in that region, llriek-clays oecuiying a like 
position are found in several localities south from the 
Clyde, as at Stevenston, Monkton, Girvan, Ballan- 
trae, and Stranraer. Noitli of the Clyde they have 
been detected here and there in some of the fiords, and 
they occur also in the Outer Hebrides. On the east 
and north-cast coast they have not been so frequently 
obsciwed, but deposits of this age appear at Montrose, 
and like accumulations arc well developed in the low- 
grounds of Aberdeenshire that border on the sea. It 
is highly probable, indeed, that if the recent shingle, 
sand, and silt were removed from the fiat beaches that 
skirt a large part of the coast-line, the deposits which 
we are now about to consider would be found more or 
less continuous along the shore. There can be little 
doubt at all events that in some places they cover the 
bed of the sea ; for the fossil shells which they con- 
tain, and to which I shall presently refer, have not 
infrequently been brought up in dredges. 

Hone of these deposits has ever been detected at 
high levels or in the interior of the country. It is 
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true that beds of brick-clay, loam, and silt are of com- 
mon occurrence there ; but these beds, however much 
they may sometimes resemble those I now refer to, 
yet cannot be confounded with them. The superficial 
brick-clays in the interior of the country arc, for the 
most part, unfossiliferous ; but when they do contain 
fossils, these invariably prove to be the remains of 
terrestrial and fluviatilc organisms. Now the brick- 
clays of maritime and low-lying districts more fre- 
quently contain fossils, and these are all without 
exception marine. The greatest elevation to which 
fossiliferous deposits, apparently belonging to this 
age, have been traced is in Aberdeenshire, where 
Mr. Jamieson mot with them at a height of 300 to 
3G0 ft. above the sea. 

In the Clyde district, where these deposits were 
first studied, they have been identified by means of 
their fossils at a height of 125 ft. above the sea.* 
The flat ground that stretches up the valley of the 
Clyde from Glasgow to near Hamilton appears to be 
composed for the most part of these accumulations, 
covered up, however, over wide areas with considerable 
depths of river-sand and gravel. At Uddingston they 
yielded sea-shells. But fossils are certainly by no 
means of common occurrence in the brick-clays at this 
level. It is not until we descend to the level of 30 ft. 
above the sea that organic remains begin to be plonti- 

* I may remind the reader that the shells got at Airdrie, at a height oi 
612 ft. above the sea, rest upon and ore overlaid by till, and therefore dc 
not belong to the period of submergence during which the later glacial- 
marine clays, and gravel and sand of the Clyde, the Forth, and Aberdeenshir 
were deposited. 



UPPER DRIFT DEPOSITS OF SCOTLAND. i6i 


fully present. It is fropi the brick-clays occupying 
this level that Scottish geologists have made their 
largest and most varied collections, and it was from 
an examination of these very clay-beds that Mr. Smith 
of Jordanhill was enabled, as I have said, to demon- 
strate that an arctic climate had at a comparatively 
recent date characterized the country. But before we 
proceed to inquire into the nature of the evidence he 
adduced, it is essential that we first ascertain what 
relation the clay-beds bear to the other glacial de- 
posits which have already engaged our attention. 

When the bottom of the clay-beds is reached, they 
are found resting sometimes upon solid rock, some- 
times upon an irregular and hummocky surface of till. 
But in many places we do not sec the basement beds 
of the shelly deposits. We know only that in deep 
borings and other mining operations the clay-beds 
frequently alternate Avith silt, loam, sand, and some- 
times gravel ; but whether the beds of gravel and sand, 
which arc often passed through between the clay-beds 
and the till, belong to the kame scries, or are part and 
parcel of the shelly series, we cannot tell. Yet there 
can be no doubt that the shelly clays arc of more 
recent date than the kamos and the re-arranged river- 
gravels described in tlie last chapter. We find, espe- 
cially in the basin of the Forth, that while the kames 
come down in .many places to the margin of the groat 
plains or terraces of shelly clays and associated de- 
posits, they never in any case overlie these ; on the 
contrary, they appear to extend below, and arc over- 
lapped by the latter. A careful examination of the 



262 


THE GREAT ICE AGE. 


physical features of the Forth and Clyde basins will 
convince one that this is the true succession of the 
superficial deposits. Proceeding inland from the mar- 
gin of the Frith of Forth, we first pace over extensive 
flats or gently undulating ground which numerous 
sections have shown to be composed chiefly of deposits 
belonging to the shelly-clay group. After leaving 
these plains, we find that the ground where it begins 
to ascend more rapidly, has for a subsoil cither till or 
gravel and sand — the latter in many places assuming 
the form of cones and irregular tortuous hanks. The 
same is the case with the Clyde. At the lower levels 
we have the usual wide stretches of fine sand, silt, and 
brick-clays, which as we trace them inland arc seen to 
abut upon the till. No true kames, however, come 
down in the Clyde district to the level of the brick- 
clays. At Montrose and in some part of Aberdeen- 
shire the brick-clay beds are overlaid with heavy 
gravels ; but these gravels, as we shall afterwai-ds see, 
belong to a later date than the sand and gravel of the 
kames series. The annexed diagram will serve to 
illustrate the succession as seen in the basin of the 
Forth. 



Fig. 40. — Diagiummatic view of diifb dejwsits ot the basin of the Foith. 
by Recent beach deposits ; c, brick-clay series ; kames series ; ty till and 
boulder-clay. 


At the top of a good section of the brick-clay series 
we commonly get sand and fine gravel — sometimes 
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loam and silt, below which come beds of clay of 
variable thickness. These clays are usually exceed- 
ingly fine grained, and are often arranged in thin 
leaves or laminae. Fine exposures of such deposits 
were seen at the old College of Glasgow during the 
recent railway operations. Below the clays, and 
sometimes intermingled with them, occur occasional 
beds of mud, sand, silt, and, but only rarely, gravel. 
Irregularly scattered throughout all these deposits, a 
tew angular, subangular, and smoothed stones and 
boulders are not infrequently met with — ^here and 
there crowding thickly together; and not a few of 
the stones and boulders referred to exhibit glacial 
scratches. But these glacial markings are seldom so 
well-marked as in the case of the stones and boulders 
of the till; many of the fragments indeed bear no 
trace whatever of glaciation. 

The following section,* taken at the Eilchattan 
brick-works in Bute, shows the general character of 
the beds at and below the level of 30 ft. above the 
sea: — 

1. Vegetable soil. 

2. Sand and gravel, well stratified, falso-bedded, passing down into a sandy 

clay with gravel, 10 or 12 ft. 

3. Kcd clay without stones or shells, becoming dull olive-green in lower 

part, 1 to 2 ft. 

4. Bed of fine dark clay, full of TvUina proximUf &c., many of the shells 

retaining both valves, 2 ft. 

0 . Finely laminated brown and reddish brick-clay without stones or 
shells, 15 to 18 ft. 

6. Hard tough red bouldor-clay with striated stones ; its upper surface 
hummocky and irregular. 

* See The Glacial Drift of Scotland^ by A. Geikie, where this section and 
others are given ; also papers by Messrs. Orosskey and Robertson (in Trans* 
of Glasg. GeoL Soc.)^ who are the best authorities on the subject of the Clyde 
brick-clay deposits. 
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The brick-clays of the Clyde and Forth basins at 
higher levels than 30 ft. are comparatively destitute 
of fossils. These, however, have occasionally been got 
at heights of 100 ft. and 125 ft. above the sea. 

A large percentage of the fossils derived from 
the brick-clay beds are northern and arctic forms.* 
And since these clearly occupy their natural position 
— ^having lived and died and become entombed just 
where we now find them — there can be no doubt 
whatever that the sea in which the brick-clays and 
associated deposits were accumulated was considerably 
colder than the water that now laves the shores. In 
short, it seems clear that the climate during the life- 
time of these shells must have approximated in severity 
to that of Greenland. This is the certain conclusion to 
which we are brought by a study of the molluscs and 
other organisms yielded by the clay-beds ; but it is a 
conclusion which, even in the absence of fossils, we 
could not fail to have arrived at from an examination 
of purely physical evidence alone. I have mentioned 
the fact that occasional stones and boulders are hero 
and there sparsely scattered through the fine clay- 
beds. A little consideration will suffice to assure us 
that the gentle currents which disseminated the im- 
palpable mud and silt over the bed of the sea could 
not possibly have carried along at the same time 
stones and boulders. These have clearly been dropped 
into their present position. We can often satisfy our- 
selves that this is so by closely examining the fine 
laminae upon which the stones and boulders lie. Fig. 41 

♦ Ste Libt of Fossils from Scottish Glacial Deposits in Appendix. 
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represents a boulder of sandstone about 2 ft. in dia- 
meter, which occurs all alone in a fine deposit of 
laminated clay. It will be observed that the laminse 
below the stone are bent down as if by pressure from 



Fig. 41. — Boulder in stratified deposits, near Uddingston, Lanarkshire, 

above — showing that the stone fell with some force 
upon what was then the bottom of the sea or estuary. 
The upper part of the boulder which projected above 
the level of the bottom was then gradually buried by 
the increasing sediment, as one may see by the mode 
in which the lamina) curve up, and at last sweep 
over the wanderer. We can hardly doubt that the 
carrying agent in this case was floating ice. 

Some of those boulders have frequently been floated 



for considerable distances. Thus in the Portobello 
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brick-clays Mr. J. Bennie has obtained fragments and 
boulders of chalk which may have crossed the German 
Ocean from Denmark. 

A gain j we have strong evidence to show that during 
the accumulation of the brick-clay beds, coast-ice and 
perhaps icebergs frequently floated and ran aground 



Fig, 43. — Contorted beds : clay e, and sand # ; Leiih. [Depth of 
cutting, 6 ft., J. Croll.] 


in the seas. In many places the beds are confusedly 
twisted, crumpled, and contorted — ^the laminse being 
bent violently over, now in one direction, now in 
another. Excellent examples of these appearances are 



Fig. 44. — Contorted beds : clay c, and sand s ; PortohoUo. 


exposed from time to time in the clay-pits, as at Tyrio 
in Fifeshire and at Portobcllo. 

I have in a previous chapter described the crumpling 
and contortion of the beds in the till. It will be 
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remembered that the character of these contortions 
and crumplings plainly pointed to the exertion of force 
in one determinate direction. The beds, in short, were 
shown to be curved over in the direction followed by 
the till and the rock-striations, indicating the violent 
pressure of glacier-ice. But the case is widely dif- 
ferent with the contortions visible in the maritime 
brick-clays. These arc exceedingly irregular, and arc 
just of such a character as we should expect would 



result from the grounding of ice-rafts and bergs. 
The rough sketches give a general idea of the ap- 
pearances presented. One can hardly doubt that the 
submarine banks of sand and mud off the American 
coast must present very similar appearances after they 
have been bumped and crushed, and pushed forward 
by the bergs which are cveiy now and then running 
aground, and stirring up the sediment in their frantic 
gyrations. 



CHAPTER XIX. 

UPPER DRIFT DEPOSITS OF SCOTLAND — Continued. 

Morainic debris. — Its position in Highlands and Southern Uplands. — Essen- 
tially a local deposit. — Of more recent date than the other drift deposits. 
— Denudation of the moraines. — These moraines not to he confounded 
with the older morainic debris of earlier periods. 

rpHE beds that fall to be described next consist 
of rude accumulations of earthy and rocky d6bris 
mixed with coarse gravel and sand, and large un- 
polished blocks — deposits that resemble in most 
respects those unstratified masses which have already 
been described as morainic debris. Like this lattei-, 
the deposits I now refer to are sprinkled loosely over 
the mountain-slopes, but in many places they assume 
a more or less distinct shape, so as often to fonn 
rather striking objects in a landscape, rising as they 
sometimes do in the throats of rugged mountain 
glens into abrupt concentric ridges and mounds — 
the convex faces of which invariably look down 
the valleys. These mounds are exclusively a moun- 
tain formation, never by any chance occurring in the 
Lowlands, but being strictly confined to deep high- 
land glens and the high valleys of the Southern 
Uplands. 
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The origin of the debris is sufficiently obvious. 
The stones and blocks of which it chiefly consists 
have all without exception been derived from the 
hill-slopes overlooking the valleys. Each particular 
heap is but the accumulated waste of the glen in 
which it occurs. In this and other details the coarse 
debris is strictly analogous to the moraine matter of 
the Swiss valleys. The mounds and concentric ridges 
of the Highlands and Southern Uplands can only be 
terminal moraines, and point to a time when snow- 
fields covered the higher districts of the country 
and sent down streams of ice into the mountain 
glens. 

That these glaciers really belong to the closing 
period of the Great Ice Age, is proved by the fact 
that in the Southern Uplands they have sometimes 
scooped out the moraine matter of earlier times from 
the bottoms of the valleys, but have left it imtouched 
at heights on the hill-slopes which the later glaciers 
were unable to reach. Yet not a few of these latest 
glaciers wore of considerable importance, as one may 
judge from the size and position of the moraines. 
Even the most extensive, however, were but pigmies 
when compared to those of the earlier cold periods. 
In the wild district of Galloway, which nourished at 
this time a number of fine glaciers, one can see that 
none of these ever got out from the mountain valleys 
to deploy upon the low-grounds. In the Peeblesshire 
uplands again, the only well-marked moraines are 
those of Loch Skene, and a few other valleys in its 
neighbourhood. All the evidence, indeed, goes to 
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show that the last local glaciers in the south-east 
of Scotland were of little importance. 

In the West Highlands where the sea washes the 
very base of the mountains, and where long fiords 
penetrate often for many miles into the heart of the 
hills, the moraines of these latest local glaciers come 
down, as we might naturally have expected, to very 
low levels, in some cases to only a few feet above 
the more recent raised beachf's to bo described 
in the sequel. In the central Highlands, however, 
they are confined to the heads of the great glens 
and their tributary valleys. Whenever the valleys 
begin to open out the moraines disappear. From 
which we may conclude that during the last local 
glacier period only a comparatively small portion of 
the country was covered with perennial snow and 
ice. 

The moraines, as already mentioned, often form 
well-marked ridges. In many eases, however, these 
ridges are imperfect, broken down, and denuded. 
Frequently indeed the morainic heaps are well-nigh 
obliterated and their materials scattered about over 
the bottoms of the valleys. We find also that this 
debris has often been rearranged and partially strati- 
fied, and when followed down the valleys it gradually 
becomes indistinguishable from coarse river detritus. 
We have, in short, a counterpart of the appear- 
ances presented by the superficial deposits of alpine 
valleys. Larger streams than now flow down its 
glens must have existed in Scotland during this 
last glacier period. To these no doubt is due in 
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chief measure the obliteration of the moraine mounds, 
and the accumulation of much of that coarse gravel 
which overhangs in broad terraces the present streams 
and rivers. 

The reader will now perceive that the conditions 
which obtained in Scotland at the date referred to 
were closely analogous to those that characterized the 
final disappearance of tin* confluent glaciers in the 
times anterior to the great submergence ; with this 
difference, however, that the ice-streams of the 
latest local glacier age were utterly insignificant in 
comparison with those of the earlier period. Yet 
the morainic debris of these two widely-separated 
periods has been frequently confounded, and con- 
sequently extravagant and erroneous ideas have been 
formed of the size of the latest Scottish glaciers. The 
morainic debris of the older period is scattered far 
and wide over the lower reaches of the mountain 
glens and upland valleys ; it even spreads over con- 
siderable hills, as is well seen in the districts of 
Loch Boon and the Merrick Mountains ; its perched 
blocks recline upon the slopes of isolated hiU-ranges 
in the Lowlands; while the gravel and sand then 
carried down by the rivers, covers extensive tracts 
at the base of the high-groimds, sweeping out from 
the confined mountain-valleys, and accumulating in 
vast heaps over the low-lying tracts beyond. The 
moraines of the latest glaciers on the other hand 
are confined to the deeper glens and higher valleys, 
while the contemporaneous gravels, although fre- 
quently extensive, are yet comparatively insignificant. 
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They sweep out, however, from the mountain-valleys 
in the north and north-east so as to overlie the 
glacial-marine beds described in the last chapter, 
as for example in Aberdeenshire, and in Forfarshire 
at Montrose.* 

* See papers by Mr. Jamieson in Quart. Jour, of the Geol. 
p. 181 ; and by Dr. ‘Ilowden in Trans, of Edm. Geol. 6oc., vol. i. p. 138. 
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UPPBB DRIFT DEPOSITS OF SCOTLAND — Continued. 

Parallel Roads of Glen Roy, old lake-terraces and not raised sea-toaches. 
— Valley dammed up by local glacier. — General summary of conclusions 
regarding succession and oiigin of the upper drift deposits. 

TN a previous chapter I have pointed out that 
during the retreat of the great glaciers from the 
Lowlands, it frequently happened that glacial lakes 
formed in lateral valleys in the mountainous districts, 
and even at comparatively low levels. At that 
period the main valleys continued to bo occupied 
with massive ico-stroaras, while the glaciers had 
either disappeared from or become greatly reduced 
in the smaller lateral and tributary valleys. In 
these last, therefore, the streams were dammed back 
by the ice of the main glaciers and thus gave rise 
to glacial lakes. Now it would appear that during 
the latest local glacier period precisely the same 
phenomena appeared. In the district of Lochaber 
it is well known that the slopes of certain valleys 
are fringed with successive horizontal shelves of 
coarse angular shingle and debris which are believed 
to indicate the margins of ancient glacial lakes. 
These are the famous “ Parallel Eoads.” 


T 
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In Glen Eoy there are three distinct shelves, 
856 ft,, 1,065 ft., and 1,149 ft. respectively above 
the level of the sea. At one time these shelves 
were thought to bo old sea-beaches, and this con- 
tinued to be the general belief even after Agassiz 
had suggested their lacustrine origin. The later 
observations of Mr. Jamieson, however, would seem 
to have convinced most geologists at last that the 
glacial lake theory is the true explanation of the 
phenomena. A massive glacier descending from 
Glen Treig filled up Glen Spean, and thus formed a 
barrier to the escape of water from Glen Eoy. Along 
the margins of the lake thus formed angular shingle 
and debris collected — derived in great measure, no 
doubt, from the degradation of the rocks under the in- 
fluence of frost. As the icy barrier decreased, either 
by gradual melting or by sudden rupture, the lake was 
lowered, and thus another teiTaee of debris gathered 
along the slope of the valley at a lower level than 
the former. The farther shrinking or bursting of 
the ice in like manner again lowered the lake, and 
so gave rise to the third and lowest shelf. 

It is not necessary that I should enter here into 
all the arguments which can be brought against 
the marine theory. Those who desire to inquire 
more fully into the subject cannot do better than 
read the very excellent accounts of the parallel roads 
given by Chambers in his “ Ancient Sea Margins,” 
and by Mr. Jamieson in the “ Geological Society’s 
Journal.” The bibliography of these remarkable 
terraces is a somewhat copious one, as will be seen 
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from the note below, which is by no means exhaus- 
tive.* One very good proof of their non-marine 
origin is the fact that the highest terraces, although 
they go up to the summit-levels between two glens, 
yet do not reach a greater height nor cross these 
cols into the open valley beyond. This is just as 
we should expect, on the supposition that the terraces 
mark the margin of an old lake ; for when the water 
reached the summit-level between two glens (such, 
for example, as that between Upper Glenroy and 
the valley of the Spey), it would immediately over- 
flow, on the same principle as a cistern with its 
escape-pipe. But if the terraces were marine we 
should be at a loss to account for this connection 
between the highest terraces and the summit-levels. 
It would be very extraordinary, to say the least, if 
the sea had reached just to the cols between the 
glens and never any higher. Again, one may well 
ask why Glenroy and the little glens in its neigh- 
bourhood should be favoured above all other highland 
glens with sea-beaches. There is no reason in the 
world why such shelves (if they really be ancient 
sea-beaches) should not occur abundantly in the 
valleys, not only of the Highlands but of the Southern 

♦ “ On the Parallel Koads of Glenroy ” (MaccuUoch), Tram, Oeol, Soe., 
First Series, vol. iv. p. 314; “On tho Parallol Poads of Lochaher** (Dick 
Lauder), Trans. Moy, Soc. JEdin., vol. ix. ; £din. Thil. Jour.^ vol. iv. p. 417 ; 
“Observations on the Parallel Koads/* &c. (Darwin), Thil, Trans. 1839, 
p. 39 ; “Account of the Parallol Roads of Glenroy in Invemesshire,” Edin. 
New Phil, Jour,, vol. xxvii. p. 316 ; “On the Parallel Roads of Lochaher,'* 
&c. (Milne-Home), Trans. Eoy. Soc, Edin.^ vol. xvi. p. 395 ; Troc. Eoy. Soe. 
Edin.f vol. ii. pp. 124, 132 ; Edin. New Thil. Jour.^ vol. xhii. p. 339 ; “ On 
the Parallel Roads of Lochaber” (J. Thomson, M.A.), Edin, New Fhilf 
Jour^^ vol. xlv. pp, 49, 404. 
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Uplands also. A visit paid to Lochaber some years 
ago left me no alternative but to conclude with 
Agassiz, Jamieson, and others that a glacier did at 
one time fill Glen Spcan, and that during the exist- 
ence of this local glacier Glen Eoy, owing to its 
limited dramage-area, could not support a glacier 
big enough to fill its own valley. Under such 
conditions this valley must in the very nature of 
things have filled with water, and so shelves and 
terraces would form, having precisely the same 
character as those that .are found fringing its 
slopes.* 

Having now rapidly reviewed the evidence supplied 
by our maritime brick-clays with their associated depo- 
sits, and by the moraine debris of the higher valleys, 
and the parallel shelves of the Lochaber district, 
I shall attempt in a few words to point out the 
succession of changes of which the phenomena we 
have been considering are the proofs. 

It may bo remembered that in Chapter XVII. we 
stated as the result of foregoing observations, that 
after the great confluent glaciers had shrunk up 
into the valleys, and the swollen rivers had thrown 
down massive deposits of gravel and sand, a period 
of submergence ensued. That submergence began 
and was continued until it approached its nliTnair 

♦ I have referred these terraces, according to the generally received 
opinion, to the period of local glaciers that succeeded the re-elevation of 
Scotland after the great submergence. Wo know, however, so little about 
the degree of depression experienced in the north of Scotland, that I aTiall 
not be surprised if more detailed examination should eventually compel us to 
refer the Glen Koy terraces to the period of great local glaciers that preceded 
submergence. 
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during a mild condition of climate. By-and-by, 
however, intense cold again prevailed, and ice-rafts 
and bergs sailed over the submerged parts of 
the country. The process of submergence was next 
reversed and converted into a movement of up- 
heaval. It was during this depression of the land 
that the ancient river gravels were much denuded 
and rearranged, that kames were formed, and occa- 
sional erratic blocks were transported from distant 
localities. 

The shelly brick-clays and associated marine de- 
posits carry on the record. At the time these were 
being deposited the land stiU stood several hundred 
feet below its present level. The sea was cold, and 
tenanted by northern and arctic species of molluscs 
and other organisms. A long arm of water extended 
up the valley of the Clyde, as far as and even beyond 
Hamilton; all the low-grounds between the Paisley 
and Kilpatrick Hills were submerged, as also were 
extensive tracts in the maritime districts of Ayrshire, 
and the western comities. An arm of the sea con- 
nected the Clyde basin with the Forth on the one 
hand, and a second stretched up the valley of tho 
Black Cart, and communicated with tho open sea 
in that direction. At the same time wide areas in 
tho Friths of Forth and Tay were drowned, and 
the ocean overflowed all the low-grounds along the 
east coast, and the maritime provinces of the Moray 
Frith and the north were likewise under water. 
Glaciers nestled in many of the higher moimtain 
glens and valleys, and at the heads of not a few 
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of the deep fiords of the west, they actually entered 
the sea and shed their ice-hergs. The rivers, flowing 
in greater ‘ volume than now, carried down immense 
quantities of fine glacial silt and mud, which 
gradually settled upon the quieter reaches of the 
sea-bottom. Coast-ice clogged the shores, and ever 
and anon breaking away took with it stones and 
blocks, which it sjjrinkled irregularly over the floor 
of the sea. In the mountain valleys the local 
glaciers renewed the polishing and striation of the 
rocks which had perhaps been altogether interrupted 
during the preceding mild period, Avhile at levels 
which these local glaciers could not reach, the frosts 
were busy obliterating the traces of the massive 
ice-streams of earlier times. The wreck of the 
mountains overlooking the glaciers was slowly home 
down the valleys and shot over the terminal front of 
the ice — here forming subaerial ridges and mounds, 
there accumulatiug as submarine banks. At the 
same time hi some favourable localities glacial 
lakes were produced by the damming-up of lateral 
valleys. 

Of the plants and animals that may have clothed 
and peopled the less desolate portions of the land 
at this time we know very little. Scotland was 
probably not a more cheerful residence then than 
North Greenland and Spitzbergen are now. The 
plants and animal remains which have been dis- 
interred fr*om some of the brick-clay pits, belong 
for the most part to the close of the cold period, 
when the climate was evidently becoming ameliorated. 
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Yet it is likely enough that Scotland may have 
been the favourite haunt in summer-time of sea- 
birds, just as arctic coasts are now. And to this 
date, therefore, may or may not belong the bird 
bones which have at rare intervals turned up in 
the brick-clays. It seems extremely improbable, 
however, that a country in our latitude, under such 
physical conditions as we have above attempted to 
describe, could present a less forbidding aspect than 
the dreary island of Georgia, in the Antarctic Ocean. 
And, perhaps, the extreme paucity in the arctic 
clay beds of land waifs, either plant or animal, may 
really point to the barren and sterile condition of 
the country at this time. 

The process of re-clcvation continued during the 
deposition of the shelly clays. Thus ere long the 
sand and mud beds which had gathered at the heads 
of sheltered bays and fiords gradually rose above 
the surface of the water. Ilencc it is that the clay 
deposits at the lower levels belong upon the whole 
to a later date than the others. For some unknown 
reason marine life would not appear to have been 
so plentiful during the deposition of the high-level 
stratified clays and gravels as it subsequently became. 
It may have been that the rivers at that time poured 
into the sea greater bodies of fresh water, and so 
rendered the sea less congenial to the taste of marine 
organisms. When the glaciers shrunk back and the 
rivers decreased in size, then the .salt water in the 
sea-lochs would bo less diluted, and marine life 
would begin to abound. But whether that be a 
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reasonable explanation or not, tbe fact still remains, 
that the clay beds at and below a height of 30 ft. 
over the present sea-level, are much more fully 
charged with organic remains than the stratified beds 
above that level. 

When the beds occupying the 30 ft. level began 
to be laid down the climate still continued frigid, 
but the area of land had considerably increased, and 
the sea in the Clyde basin no longer communicated 
with the estuary of the Forth. It is remarkable 
that the shell bed of Elio gives evidence of somewhat 
colder conditions having prevailed at this time 
than the equivalent fossiliferous deposits of the 
Clyde would seem to imply. From this it has been 
argued that the Elio shells belong to an older date 
than the Clyde beds — ^to a period when the cold 
was more intense. But for this conclusion there 
does not seem to be any need. The North Sea, filled 
with bergs and fioating ice, derived from Scandinavia, 
and even from Scotland itself, would in all proba- 
bility have a lower temperature than the freer ocean 
that washed the western sea-board; and, ' therefore, 
it is not surprising that this difference of temperature 
should have taken effect and influenced the distri- 
bution of the fauna. 

We have now completed mu- rapid sketch of the 
Scottish glacial deposits; the accumulations which 
fall next to be described contain the record of the 
geographical and climatal changes that followed upon 
the close of the glacial epoch. But before wo enter 
upon this latest chapter in the history of Scottish 
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geology, wo must for a little retrace our steps 
for the purpose of considering the origin of cer- 
tain remarkable features in the contour of the 
land, of which as yet no special mention has been 
made. 
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LAKES AND SEA-LOCUS OE SCOTLAND. 

Different kinds of lakes. — Lakes occupying depressions in diift. — Lakes 
dammed by moraines and older drilt deposits. — Lakes lyn>g in rock- 
bound basins. — Origin of rock- basins discussed. — Ramsay’s theory.— 
Sea-locbs. — Submarino rock- basins. — Their glacial origin. — Silted-up 
rock-basins. 


"we glance at a good map of Scotland,* one of 
th.0 first appearances to catch the eye is the won- 
derful profusion of lakes. Moreover, it will not fail 
to strike us that these lakes arc confined, for the most 
part, to the deep valleys of the Highlands. From the 
lowland tracts they are singularly absent. South of 
the Friths of Tay and Clyde comparatively few are 
seen, and these arc nearly all restricted to the high- 

♦ A good handy general map of Scotland has yet to be made. There is no 
scarcity of maps which can be relied upon for showing the proper direction 
of roads and county-boundaries, position of towns, &c., &c. ; but one which 
shall by shading give an approximately correct impression of the outline of 
the ground does not exist. When will map-constructors cease to cover the 
area of the Highlands and Southern Uplands with a series of black cater- 
piRars, which only serve to confuse and mislead P A plain unshaded sheet 
with a few heights indicated would be infinitely more instructive than a map 
elaborately covered with all tbo^e incomprehensible crawling masses of 
printer’s ink, which do duty for mountains. This conventional manner 
of mountain-shading, which has been so long in vogue, is, I firmly believe, 
in no small measure answerable for the persistency with which crude notions 
as to the origin of hills and valleys are maintained. Had hill-shading really 
been made to represent truthfully the form of the ground, we should have 
heard a great deal less of mountains being proximately duo to upheaval, and 
valleys owing their origin to gaping fractures. 
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grounds of Garrick, Galloway, and Peeblesshire. There 
would thus appear to be some connection between lakes 
and mountain valleys. We cannot but see this when 
it is pointed out ; yet it is not more than some thir- 
teen years ago that the attention of geologists was 
called to the fact. It was reserved for Professor Eam- 
say not only to indicate the very remarkable manner 
in which lakes are distributed in alpine and northern 
countries, but also to bring forward an explanation of 
the phenomena wliich has already commended itself 
to many physicists and geologists, and bids fair to 
become ere long one of the most generally accepted 
theories in geology. 

The Scottish lakes may be grouped under three 
heads, viz. : — 

1. Lakes occupying hollows in tho till or other 
superficial deposits. 

2. Morainic and drift-dammed lakes. 

3. Lakes resting in basins of solid rock. 

The lakes of the first group have no importance, 
and indeed are little more than shallow pools. They 
arc developed chiefly in the Lowlands, and have at 
one time been much more numerous than they are 
now. Many have been silted up with alluvial matter, 
others have been converted into peat-bogs, and not a 
few have been drained. They rest sometimes in the 
hollows between banks of till, and not injfrequently 
in cup-shaped depressions of sand and gravel. The 
most considerable assemblage of these lakes of which 
I know is in the island of Lewis — ^tho low-lying tracts 
of which are literally peppered with lakelets. Not a 
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few of these, however, belong to the drift-dammed 
series. But hundreds of them appear to rest in hol- 
lows of the till — ^their longer axis pointing north-west 
and south-east. They are, for the most part, very 
shallow, and have been much encroached upon by peat. 

The lakes of the second group are also somewhat 
insignificant. Those which are dammed back by 
moraines are confined, as one would naturally expect, 
to mountain valleys. An excellent example of the 
kind is that of Loch Skene, in the south of Scotland. 



Fig. 4C. — ^IMorainio Lake. 


In this instance a scries of moraine mounds, left 
behind by one of the last local glaciers, extends from 
one side of a mountain-valley to the other, and has 
thus formed a barrier to the escape of the water. In 
not a few mountain valleys where such lakes have at 
one time existed, we may see how the waters have 
been drained off by the gradual cutting down of the 
moraines. 

Besides the lakes which are confined behind bar- 
riers of morainic debris, we occasionally meet with 
small sheets of water which appear to rest partly in 
rock and partly in till or other superficial accumula- 
tion. Fine examples of this variety of lakelet occur 
in the low-grounds of Lewis. Unlike those lakelets 
of the first group, which occur in the same region. 
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these drift-dammed lakes do not range from south-east 
to north-west, hut exactly at right angles to these — 
namely, from south-west to north-east. They lie 
between parallel ridges of rock, and are dammed up 
at either end by accumulations of till. In Lewis * it 
is common to find both kinds of lake represented in 
one and the same sheet of water — one elongated por- 
tion of which will trend south-east or north-west, and 
another arm extend itself in a north-cast or south-west 
direction, as the case may be. 

In the Lowlands there are a few lakes such as Loch 
Leven (Kinross-shire), the original shape of whose bed 
it is difficult to determine. Probably most of them, 
however, are merely duo to the unequal distribution 
of the till and other superficial deposits over the 
underlying rocks. Others, again, may really belong 
to the third group, and occupy rock-basins the nature 
of which is now concealed by the accumulation of 
alluvial matter along their margins. I am not sure 
but that Loch Leven is a case in point. 

The third group embraces the largest and most 
important lakes in Scotland, and to it also belong a 
vast number of mountain-tarns which are neither large 
nor important. All these lakes and tarns rest in hol- 
lows of solid rock. In very many cases we may trace 
the rock all round their margins, and even when this 
is partially obscured by' superficial deposits there arc 
yet other circumstances which enable us to show that 
although these deposits were to be entirely removed 

The features referred to are beautifully delineated upon the Ordnance 
Survey map of Lewis. See paper by author, Quart. Jour. Geol. Soe., 1 873 . 
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there would still bo a lake completely surrounded by 
rock. Those lake-hollows are what Professor Eamsay 
has termed rock-hasim ; and his ingenious theory of 
their origin I must now attempt to describe. 

When we reflect for a moment wo shall find that it 
is a very hard thing indeed to account for a rock- 
basin. The usual agents of erosion, those which wo 
see at work in our own country, fail to afford any 
solution of the problem. We may, for example, dis- 
miss the sea as utterly inadequate. The action of the 
sea upon the land is that of a huge horizontal saw ; 
the cliffs are eaten into, and gradually undermined ; 
masses of rock, loosened by rains and frosts, tumble 
down, and arc pounded up by the breakers into shingle 
and sand. Thus in process of time a shelf or terrace 
of erosion is formed, and were the shore to be suffi- 
ciently elevated to-morrow, we should find that such a 
platform would extend all along our rocky coast-line 
— ^narrowing where the rocks were hard and durable, 
broadening out where the cliffs had yielded more 
easily to the ceaseless gnawing of the waves. But 
nowhere should we be able to detect anything ap- 
proaching to the character of a rock-basin ; for it is 
self-evident that the sea “ cannot make a hollow below 
its own average level.” Its tendency, indeed, is quite 
in the opposite direction — much of the material derived 
from the denudation of the land being carried out and 
deposited in quiet depths. 

If the sea does not help us to discover how rock- 
basins are formed, will rivers do so ? Most assuredly 
they will not. Kivers will flow down any slope, but 
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they cannot run up an inclined plane. What they do 
is to cut channels which carry them down persistently 
from higher to lower levels. The only approach to 
something like a rock-basin which can be excavated by 
river-action may be observed at the foot of a water- 
fall, where a more or less deep hollow always appears. 
This hollow is of course scooped out by the forcible 
impact of the falling water, aided by the filing action 
of the stones and pebbles which are kept in constant 
motion. But it would be idle to suppose that such 
has been the origin of the rock-basins. Yet this 
action of the falling water, as I shall try to show 
presently, may aid us in appreciating more fully 
Professor Ramsay’s theory. 

Since rock-basins owe their origin neither to rivers 
nor to the sea, may not they bo simply duo to dis- 
turbances of the strata? We know that the solid 
aqueous rocks of which our country chiefly consists 
have been elevated and depressed times without num- 
ber since the date of their formation. Wo know 
further that they have been dislocated and displaced 
by movements of the earth’s crust, and confused by 
the intrusion among them of melted volcanic naatcrials ; 
and this has happened over and over again. Strata 
which we have every reason to believe were laid down 
in horizontal or approximately horizontal planes have 
been puckered and thrown into iimumerable folds,- or 
here pushed up into ridges, and there carried down 
into troughs. May not the lakes then occupy such 
troughs, or rest in cracks and chasms or depressions 
caused by dislocation and displacement of the rocks ? 
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To those who have made no special study of physical 
geology this may appear a ready and simple explana- 
tion. In sober truth, however, it is no explanation at 
all; for when we come to examine the rock-basins 
themselves, we do not find them occupying “ hollows 
formed of strata bent upwards at the edges all round 
into the form of a great dish, the uppermost bed or 
beds of which are continuous and unbroken under- 
neath the waters of the lake.” No such synclinal 
troughs occur anywhere in Scotland ; indeed, as Pro- 
fessor Ramsay remarks, they are the rarest things in 
nature. As a general rule, wo find that synclinal 
troughs or geological hollows form hills, while con- 
versely anticlinal ridges or geological hills give rise to 
valleys. And it not infrequently happens that the 



Fig. 47. — ^Diagrammatic view of synclincs and anticlines. AA^ anticlinal 
arches ; 88^ synclinal troughs. 


hollow in which a lake lies, is geologically speaking, 
a hill or anticline. But still more frequently rock- 
basins occur in regions where the strata are “ bent 
and contorted in a hundred curves all along and under 
the length of the lake,” nor docs the direction or slope 
of the basins bear any relation whatever to the pre- 
vailing inclination of the strata. We may conclude, 
then, that the bedding of the underlying rocks affords 
no clue to the solution of the problem. 
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Do the lakes lie in gaping fissures, or in chasms 
produced by dislocations of the solid rocks, or, as they 
are technically termed, faults ? As a matter of fact, no 
single instance has yet been adduced, either at home 
or abroad, where a fault could be said to be the proxi- 
mate cause of a lake-hollow. My duties in connection 
with the Geological Survey have afforded me excep- 
tional opportunities for the study of dislocations and 
displacements. Some time ago I completed the map- 
piug of the major portion of the coal-fields in the west 
of Scotland — ^perhaps one of the most abundantly 
faulted districts in Britain; and I found, as the 
result of a minute examination of all the carefully- 
prepared mining -plans and a close investigation of the 
groimd, that none of the faults ever gave rise tp any 
feature at the surface, save when a hard rock like 
basalt was brought into juxtaposition with a soft rock 
like sandstone. In such a case the basalt-rock almost 
invariably gave rise to a prominence. Now many of 
these faults are 20, 40, 60, and some even 100 fathoms 
in extent, and they frequently cross and shift each 
other ; yet no yawning crack or irregular depression 
at the surface gives one any indication of their exist- 
ence. In walking over a level turnip-field we may 
traverse a dozen in the space of a few hundred yards. 
My impression is that none of these dislocations ever 
showed at the surface. This is hardly the place- to 
describe the observations which have led me to this 
conclusion; but I may state that, as a general rule, 
feults increase in extent downwards and diminish 
upwards, so that the upper seams are not dislocated to 

u 
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the same extent as the lower seams of the same coal- 
field. Some of the smaller faults, indeed, die out 
upwards altogether. Coai Ht 



Fig. 48. — Section across coal-measures at Muirhouse Colliery, near 
Wishaw (horizontal and vertical scale the same). The horizontal lines 
represent coal-seams; /, faults, the amount of displacement shown 
in fathoms and feet ; X line, ft. below sea-level ; till. 


Now we know that hundreds of fathoms of solid 
strata have been planed off the central Lowlands of 
Scotland since the close of the Carboniferous epoch, 
and not a few of the dislocations that now come to the 
light of day may have died upwards long before the 
original surface of the coal-measures was reached. But 
even if these faults did actually traverse the whole 
thickness of the strata at the very time the movement 
of the earth’s crust took place, yet they could not 
have produced any external feature — ^they could not 
have been actually visible at the surface. Had it been 
otherwise — had all the faults which we now see cutting 
and shifting the strata in every direction shown boldly 
at the surface — ^what a very remarkable landscape 
would have been the result ! — straight cliffs intersect- 
ing at all angles ; here a great parallelogram of strata 
forming a solid embankment, there a proformd and 
extended chasm fantastically shifted in a hundred 
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places; in one place a long descent, terminating 
abruptly against the blank wall of a frowning preci- 
pice ; in another place an inclined plane, rising for a 
considerable distance, and all of a sudden stopping on 
the edge of a wall that dropped perpendicularly for 
500 or 1,000 ft. Instead of all this wild vagary, we 
have a softly-outlined country, with its regular valley- 
system — ^the direction of the streams never being in 
any degree influenced by the rock-dislocations, which, 
as far as the trend of the valleys is concerned, might 
never have existed. 

Judging, therefore, from the contour of the ground 
in this district, where the direction and amount of the 
faultings have been so well ascertained, it may be 
concluded that these dislocations have not been the 
proximate, nor even the remote cause* of the formation 
of the valleys. Many of the faults may have died out 
upwards without reaching the original surfe.ee, while 
others that did reach that surface may have displaced 
the strata so gently, by such gradual creeping, that 
atmospheric or other superficial denudation may well 
have kept pace with the movements, and so removed 
the inequalities as these arose. 

♦ It may be well to remind the reader that I am speaking of the carbon* 
iferouB areas of the west of Scotland. I am very far from affirming that 
faults have never in any case given the initial direction to a lino of drainage. 
1 could mention a number of instances where they have certainly done so. 
A good case in point is that of Glen App, in the south of Ayrshire, which 
coincides with a large fracture. Again, the groat north-east and south-west 
fault that traverses Scotland from the shores of the Frith of Forth to the 
Irish Sea, gives rise in many places to a distinct feature, and streams occa- 
sionally 'follow it for some distance. The Great Glen would also appear to 
lie in a line of dislocation. I have never seen a gaping &ult, and would 
travel a long way to see one. 
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Since, then, rock-basins do not occur in these highly 
faulted districts, it seems idle to speak of such hollows 
being due to dislocations, unless we are prepared to 
bring forward some well-proved case in point. But 
while no such case has been adduced, geologists, have 
been referred by Professor Eamsay and others, both at 
home and abroad, to numerous examples of rock-basins 
which it can be shown have no connection whatever 
with gaping fissures and dislocations. Take, for 
example, that of Loch Boon, or that of Loch Trool in 
the wilds of Garrick. In neither of these cases do any 
shiftings and displacements or cracks and chasms 
occur, but the beds on the one side exactly correspond 
with those on the other. One may walk round the 
lower end of Loch Boon and never have his feet off 
solid rock all the way. The valley in which it lies cuts 
right across the strike of the strata, which, as the 
merest tyro may readily ascertaiu, arc quite continuous. 

Nay, more than this, rock-basins are of all sizes ; 
many of them arc no larger than an ordinary drawing- 
room ; myriads are a great deal smaller — mere pools ; 
and between this and basins that are square miles in 
extent we have every gradation. One may wade 
through or swim across the shallower ones, and satisfy 
himself that the rock is all solid underneath ; and no 
one indeed has ever ventured to suggest that these 
smaller hollows are due to fiuctures. Yet it is just as 
difficult to account for a rock-basm fifty yards in 
length, as it is to explain the origin of one a hundred 
times larger. If big ones be caused by fractures, and 
little ones owe their existence to — something else, 
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where are we to draw the line ? — ^how many square 
yards are we to he allowed free of fracture ? 

Some of these objections apply with equal force to 
another explanation which has been advanced — ^to this, 
namely, that the lakes lie in speeial areas of depres- 
sion ; in other words, that the land has sunk down 
underneath each lake. It is simply incredible that 
such could have happened. No one will deny that 
special areas of depression do exist, but to have pro- 
duced the iimumerablc lakes of all sizes that stud the 
surface of alpine countries and many northern regions, 
the rocky crust of the earth must needs have been in 
a condition nearly as unresisting as putty. If move- 
‘ments of depression were allowed to explain the exist- 
ence of a sheet of water like Lake Superior, they 
woxild still leave utterly unaccoimtcd for the vast 
number of smaller lakes that crowd the surface of the 
northern part of North America, as well as the innu- 
merable lakes of Scotland, Cumberland, Wales, Ire- 
land, Scandinavia, Finland, and Switzerland. 

If, then, all the above “ explanations ” be rejected, 
we have only one agent left which can possibly account 
for the origin of rook-basins, and that is ice. Professor 
Ramsay points out in the first place that these remark- 
able lakes abound in every region which is known to 
have been subjected during the glacial epoch to the 
grinding action of glaciers j while conversely, in tropical 
areas or such countries as have not supported glaciers, 
true rock-basins do not occur. Thus, if we exclude 
the great African lakes, of which we know too little 
as yet to justify us in coming to any definite conclu- 
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sion in regard to the mode of their formation, and if 
we also put aside crater-lakes and lagoons, we shall 
find that in our hemisphere rock-basins increase in 
number as we pass fi-om south to north, and are 
always specially abundant in mountainous districts. 
And this peculiar distribution Professor Eamsay ac- 
coimts for by the bold suggestion that the basins have 
been scooped out by the grinding power of glaciers. 

He shows that the erosive action of a glacier must 
necessarily be less at the lower end, where the ice is 
comparatively thin, than further up the vaUey, where 
the ice attains a much greater thickness. Obviously, 
then, were a glacier to continue to flow for a sufficient 
length of time, this unequal pressure upon the under- 
lying rock would produce some clfect ; there would be 
a great deal more tear and wear where the ice was 
thick than where it was thin, and thus a rock-basin 
would eventually be formed. 

Take the case of a glacier creeping down an alpine 
valley, and spreading itself out upon the low-ground 
at the foot of the mountains. Let us suppose that in 
the upper part of its course, that is to say, within its 
mountain valley, the incline down which it moves is. 
greater than the slope of the low-ground upon which 
it eventually deploys. When the ice reaches this 
latter point, it is evident that its flow must be re- 
tarded, and there will therefore be a tendency in the 
ice to accumulate or heap up. How we know that 
the pressure of a body in motion upon any given 
surface varies with the degree at which that surface 
is inclined ; as the inclination decreases the pressure 
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increases. It follows from this that when the glacier 
leaves the steeper part of its course, and begins to 
creep down the gentler slope beyond, it will press 
with greater force upon its rocky bed, and this in- 
creased pressure will he farther intensified by the 
greater thickness of the accumulated ice. But as our 
glacier continues to flow on, it gradually loses in 
bulk, its rate of , motion at the same time 
diminishes,* and thus its erosive power becomes 
weaker and weaker. The result of all this is the 
formation of a rock-basin, the deeper portion of which 
hes towards the upper end, just where the grinding 
force of the glacier is greatest. 

Such is the effect we might naturally expect 
glacial action to produce. When we turn to the 
rock-basins in our own country, we find that these 
occupy precisely the very positions which theoreti- 
cally might have been expected. And not only so, 
but they almost invariably reach their greatest depths 
towards the upper end, shallowing away gradually 
down the valley. Cases in point are Loch Boon, Loch 
Trool, and numerous other rock-basins amongst the 
Garrick and Galloway mountains. One of the best 
examples of a rock-basin is furnished by Loch Lomond, 
a map and sections of which, drawn on a true scale, 
will be found in the Appendix. No fault or dislo- 
cation of the solid strata is known to cross the area 
occupied by the Loch ; but my colleague, Mr. E. L. 
Jack, has detected one that crosses below the foot 
of the loch, passing through Tullichewan Castle on 

* Za Nivi de Justedal et m Glaciers, by C* de Seue. 
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the west side and Haldane’s Mill on the east ; and the 
downthrow side of this fault is to the south — a clear 
proof, if such were needed, that faulting and unequal 
subsidences of the rock have had nothing whatever to 
do with the formation of the great hollow. 

Another striking circumstance in connection with 
Scottish lakes is this — ^their dimensions are always 
proportionate to the extent of the drainage-system in 
which they occur. If the valley in which any par- 
ticular rock-bound lake appears should be an impor- 
tant one, draining a wide tract of elevated ground, 
the lake is sure to be long and deep ; if the valley be 
of inconsiderable extent, the rock-basin it happens to 
contain is certain to be proportionately unimportant. 
In other words, where large glaciers arc known to 
have existed, we find large rock-basins, while in 
valleys which have been occupied by inconsiderable 
glaciers, the rock-basins are small. 

These remarks on Scottish rock-basins would be in- 
complete if no reference were made to the fiords or 
sea-lochs so abundantly developed along the west 
coast. The hollows occupied by these arms of the 
sea are simply submarine continuations of land 
valleys, which, as everyone knows, stretch into the 
country for a less or greater distance from the head 
of every fiord. 

If the reader will glance at the sketch-map of 
Scotland, he "wiU observe that while fresh-water lakes 
are plentifully present, on the eastern slopes of the 
great watershed that runs from the head of Loch 
Shin to the hills above Loch Linnhe, there are com- 
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paratively few on the other side, but we have great 
sea-lochs instead. Now each of these submerged 
land- valleys contains at least one rock-basin, so that 
if the laud were only to he elevated sufficiently, we 
should find in that region an exact counterpart of the 
appearances that present themselves on the eastern 
slopes of the watershed, namely, deep mountain glens 
with rock-bound lakes. 

The Admiralty charts are excellent maps of the 
sea-bottom, and afford clear and definite ideas of its 
physical features. The tracings given arc taken from 
the reduced Admiralty chart of the west coast of 
Scotland. One of these shows Loch Broom, and 
Little Loch Broom, with Gruinard Bay. This part of 
the coast has been selected for no other reason than 
simply because it happens to come nicely within the 
compass of one of these pages. Almost any other sea- 
loch would have served my purpose equally well — 
some of them, indeed, would have done better, as for 
example. Loch Long, Loch Fyne, or Loch Sunart. 

It wiU be observed, upon glancing at the chart, 
that the upper reach of Loch Broom, between Corrie 
Point and the head of the loch, rests in a distinct 
basin, the lower lip of the basin opposite Corrie being 
reached at a depth of 11 fathoms, and its deepest part 
26 fathoms, occurring near Lacmelm. There appears 
to be a second basin between Corrie Point and the 
mouth of the loch, but it is not so well marked. 
Little Loch Broom, however, is an admirable example. 
At the mouth of this loch the underlying rock comes 
actually to the surface in Ardross Bock, and between 
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this point and the shores we have the maximum 
depths of 10 and 26 fathoms respectively. Yet the 
soundings half way up the loch show a depth of no 
less than 57 fathoms. Beyond the mouth of the loch 
the water deepens somewhat gradually until a depth 
of 119 fathoms is attaiued, beyond which it shallows 
again to 34 fathoms. Now it is worthy of remark 
that no part of the North Minch, into which Gruiuard 
Bay opens, is anywhere deeper than some 50 or GO 
fathoms, except immediately opposite the mouths of 
the great sea-lochs that open out from the mountain 
valleys of Harris and Lewis, and the mainland. The 
100-fathom line is only reached when we get be- 
yond the western Hebrides altogether. Yet it is no 
imeommon thing to get greater depths than this in 
many of the sea- lochs and soimds. In the Inner 
Sound of Eaasay, for example, we find depths of 100, 
128, and even in one place of 138 fathoms ! (See 
Chart.) Thus, were Scotland to be lifted out of the 
sea for 100 fathoms, all the islands would be con- 
nected with the mainland, and numerous lakes would 
exist to mark the sites of the sea-lochs, one of which, 
lying between Raasay and Koss-shire, would reach as 
much as 528 ft. in depth.* 

Here then is the singular fact that the deepest 
portions of the Scottish seas lie close in shore ; nor in 
the vast majority of cases can there be any doubt 
whatever that these deep submarine hollows are true 
rook-basins. In many cases, indeed, the soundings 
actually prove this. Still some may think that since 

r • “ Man ahowimr Physiography of Western Scotland.” 
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we do not actually see the lower lips of those basins, 
it is at least doubtful whether they really consist of 
rock. Might not the lower lips he formed of mud or 
sand ? We know that the sea has the power of heap- 
ing up banks of these materials across the mouths of 
estuaries ; might not this be the explanation of the 
basins in our sea-lochs ? Now there are many reasons 
which could be given to show why it is in the highest 
degree improbable that banks of the kind required 
would always accumulate in such places. But it is 
not necessary to go into this question, for it is quite 
evident, upon a little reflection, that even if the sea 
had the power to heap up, and were now actually en- 
gaged in heaping up banks across the mouth of every 
sea-loch on the coast, still this would not help us to 
explain the matter any better. For, assuming this 
to be the case, we should be compelled to admit, 
first, that the beds of all the sea-lochs did at one time 
fall away gradually from their present extreme depth 
up to and even far beyond the 100-fathom line ; in 
other words, that the floor of the sea sloped per- 
sistently outwards from the greatest depth reached by 
the fiords. So that if the land had then been elevated 
above the waves there would have appeared mountain 
valleys containing no lakes, but showing rivers that 
flowed on uninterruptedly up to and even far beyond 
the edge of what is now termed the submarine Scottish 
plateau. But this plateau is not known to be breached 
any such profound submarine valleys. Then, in 
the second place, we should be forced to hold the 
extravagant belief that the sea had filled up all these 
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deep hollows with accumulations of sediment varying 
in thickness from 30 or 40 to considerably more than 
100 fathoms, but had left the shoreward portions of 
its bed pretty much as they were before submergence 
ensued ; that, in short, only the lower reaches of the 
submarine valleys had been silted up, the platform of 
sand and mud stopping abruptly opposite the mouths 
of the sea-lochs, and not a few of the soimds ! Into 
such absurdities do we land ourfeelves if the rock- 
boimd nature of the basins in the sea-lochs be denied. 

Fortunately, however, there is at least one sea-loeh 
of the rock-bound character of which we have ocular 
demonstration. I refer to Loch Etive. This loch, as 
the Admiralty chart will show, contains two basins, 
the lower one of which extends from Connel Ferry to 
near Taynuilt, the upper one from this place to the 
head of the loch. At Connel Ferry the passage is 
very narrow, and the rock so near the surface that at 
half-tide the water rushes over the reef with the roar 
of a cataract. The sight of the seething white water 
will, I should think, be enough to convince even the 
most sceptical that, above the ferry. Loch Etive is a 
true rock-basin. It will be observed that the greatest 
depth attained in the lower basin is 35 fathoms ; in 
the upper basin we have a depth of not less than 7 6 
fathoms. Here then we have a double rock-basin, the 
bottom of which is rather more than 400 ft. deeper 
than its lower lip. 

Now while such deep submarine rock-basins can be 
traced in all or nearly all the sea-lochs, it is remark- 
able that no such basins occur opposite a low flat 
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stretch of coimtry. For example, along the western 
shores of Lewis, in which part of the island there 
are no deep valleys, we find that the sea-bottom 
inclines very gradually outward ; and the same is the 
case off the low-lying districts on the eastern sea-board 
of Scotland. There seems to be an obvious connec- 
tion, therefore, between submarine rock-basins and 
sea-lochs, just as there certainly is between sea-lochs 
and mountain-valleys.* Nor, if we admit that rock- 
basins, filled with fresh water, have been scooped out 
by glaciers, can we, as I think, escape the conclusion 
that the submerged rock-basins have had precisely the 
same origin; for the presence of the sea is a mere 
accident. We know for a fact that all those sea-lochs 
were once filled to overflowing with ice, and rock- 
basins occur just in those places where from theoreti- 
cal considerations they ought to appear. An attentive 
examination of the physical features of the fiords, and 
a careful scrutiny of the Admiralty charts, will show 
that whenever the opposite shores f of a fiord approach 
each other so as well-nigh to separate the water into 
two separate sheets, two distinct rock-basins are 
almost invariably the result. This appearance is well 
explained by the erosion theory, but is inexplicable 
otherwise. When glacier ice filled such a fiord, it 
would be strangled in the narrow pass, and the motion 
of the ice advancing from behind would be impeded. 
Hence there would be a heaping up of the glacier, and 

♦ For further details regarding submarine rock-basins, see Appendix, 
“ Physiography of Western Scotland.” 

t I refer, of course to promontories of solid rock. Where a lateral stream 
enters a fiord, a spit of low land frequently projects for some distance into 
the water, but that is a very different matter. 
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inteBsified pressure upon the rocky bed would produce 
its natural effect — increased erosion. 

At the same time, not a few double rock-basins are 
to be explained in another way. Each basin has pro- 
bably been scooped out at a different period. During 
the advance of the glaciers there may have been — ^there 
most likely were — long pauses ; each pause, if of suflS- 
cient duration, being marked by the formation of rock- 
basins. When, again, the glaciers began to retire, the 
same set of circumstances might well recur — ^pauses 
might take place, and basins be again deepened. More- 
over, owing to the nature of the ground and the cha- 
racter of the drainage-system, one may be quite sure 
that a glacier woidd tarry much longer in some reaches 
of its valley than in others. Hence we might naturally 
expect the valleys often to contain more rock-basins 
than one. If the larger fresh- water lakes were drained, 
we should in all probability find that some of them 
would show separate basins, analogous in a measure 
to the upper and lower basins of Loch Torridon, Loch 
Caim-Bahn, and others. Even as it is, however, many 
valleys do contain more than one lake. Good exam- 
ples occur in the region of the Trosachs. Again, 
in the valley of the Tummel we have Loch Lydoch 
and Loch Eannoch. Further north, in the valley of 
the Conan, we come upon the wild Loch Fannich and, 
lower down. Loch Luichart. The valley of the Boon, 
in Ayrshire, contains the loch of the same name and 
Bogton Loch, which last, although now much silted 
up and of little extent, is yet proved to be a rock- 
basin, from the fact that the soft watery mud of its 



LAKES AND SEA'LOCHS OF SCOTLAND. 303 

alluTium broke into some coal-workings in tbe neigh- 
bourhood, at a depth considerably below that of the 
rock, which comes to the surface, and crosses the 
valley a mile or so further down. 

So long a time, indeed, has passed since the glaciers 
vacated the valleys, that streams and rivers, by carry- 
ing down and depositing gravel, sand, and silt, have 
often obscured the original rock-bound character of 
the lake-basins, and in several cases have even entirely 
obliterated them, so that we find broad flat meadows 
where lakes formerly existed. As an instance of a 
partially obliterated rock-basin, I may refer to St. 
Mary’s Loch, in the south of Scotland, the depth of 
which has been ascertained to be at least 120 ft. At 
its outlet the whole valley is paved with gravel, but a 
series of borings made across the bottom of the valley 
at this place struck the rock at depths varying from 
24 to 53 ft. The present bed of the lake is therefore 
67 ft. at least lower than the lip of the buried rock at 
the point of outlet ; what thickness of superficial mate- 
rials may be lying upon the rocky bed of the lake has 
not been ascertained. 

Of rock-basins completely obliterated, many ex- 
amples might be given. There is one at the head of 
the Manor Water, in Peeblesshire. Another fine 
instance occurs in the valley of the Talla (same 
county), where an ancient lake once occupied the 
whole bottom of the valley from Talla Linnfoots for 
nearly two miles down. But, as might have been 
anticipated, the rock-basins that are so silted up are 
usually of small extent. 
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POST-GLACIAL AND BECENT DEPOSITS OF SCOTLAND. 

Baised beaches. — Faintly-marked terraces, &c., at high levels. — ^Platforms of 
gravel, &c. — Platforms and notches cut in rock. — Raised beaches at 
month of Stinchar, at Newport, and Tayport. — Highest-level beaches 
belong to glacial series. — Evidence of cold climatal conditions during 
formation of some post-glacial beaches.— Oscillations of level. — Raised 
beaches at the lower levels. — Human relics in raised beaches. — Proofs of 
oscillations of level. — Submarine peat-mosses, &c. — Blown sand. 

ITHE accumulations which must next engage our 
attention carry on the story of the past from the 
close of the glacial epoch to the present — ^they are, 
therefore, termed by geologists the post-glacial and 
recent formations — and comprise raised beaches, blown 
sand, peat-mosses, and alluTium. These wiU be de- 
scribed in the order they are here mentioned, not 
because that order is strictly chronological, but simply 
for convenience’ sake. When the conditions of their 
accumulation have been ascertained, we shall be in a 
better position to discuss the question of their relative 
age. 

In Chapter XX. we considered the subject of* 
certain beds containing marine organisms, and were 
enabled to come to these conclusions, namely, that 
in late glacial times Scotland was submerged to a 
great depth below the waves, and that m the later 
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stages of this submergence the temperature of our 
seas was somewhat arctic. We found reasons for con- 
cluding that the depression reached probably as much 
as 1,100, or even 1,258, ft. below the present level 
of the sea. When the submergence had reached its 
climax the land again rose. During this upheaval, 
which may not have been, and probably was not 
continuous, but interrupted by occasional pauses, the 
waves were enabled to cut out certain horizontal 
shelves in the solid rooks, and to spread out here 
and there terraces or flats of shingle, gravel, sand, 
and silt ; these elevated shelves and terraces are 
what we term raised beaches. They occur at many 
different levels, from 1,050 or 1,100 ft., down to a 
few yards above tho present mean tide. At the 
higher elevations, however, they are seldom or never 
well-marked, and as far as known have not yielded 
any organic remains. Indeed, with the exception of 
the gravel flats of the Moorfoots, and the succes 
sive terraces at Eagleshara, I have never met with 
any raised beach in the interior of the country that 
could be certainly recognised as such. Dr. Cham- 
bers in his “Ancient Sea Margins” has given a 
number of instances of what he took to be old 
sea-beaches at heights approaching, and even ex- 
ceeding 1,000 ft. But none of these I fear can be 
relied upon as evidence of wave-work. The shelves 
on the Eildon Ilills, and the West Lomond Hill are 
cases of atmospheric erosion, and similar markings 
occur on every hill-side where the rocky strata 
are horizontal or approximately so. The examples 

X 
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quoted by the same author from the upper reaches 
of the valleys of the Clyde and Tweed, are, some 
of them, flutings formed by the action of ancient 
glaciers, others are merely river deposits, while very 
many of the terraces at much lower levels, as for 
example those at Peebles, Kelso, &c., are also of 
fluviatile origin. Again, the Parallel Poads of Glen 
Hoy which have formed so fruitful a source of 
controversy are no longer recognised as ancient sea- 
margins but as lake-terraces. Indeed when we con- 
sider the conditions under which the great glaciers 
disappeared, we cannot but be chary of ascribing any 
deposits met with in the interior of the country to 
the action of the sea. Beds of gravel, sand, and 
silt, occur in such extraordinary positions in the 
Alps and other highly glaciated regions that we 
may well pause before deciding upon the marine 
origin of any such unfossiliferous deposits occupying 
similar positions in our own country. Yet, as we 
have seen, there are strong reasons for believing that 
certain of these deposits in Scotland have received 
much of their present configuration from the action 
of the sea, while others appear to be exclusively of 
marine formation. For the absence of fossils is not 
sufficient to prove the non-marine origin of a deposit 
— ^the physical evidence cannot be ignored, but on 
the contrary deserves very careful consideration. 
If we take the highest level at which fossiliferous 
beds have been detected as the limits of the sub- 
mergence reached in Scotland, during late glacial 
times, this would indicate a depression of not more 
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than 350 ft. or so ; while, on the other hand, if we 
have regard to physical evidence we are seemingly 
compelled to admit a depression of at least 1,100 ft. 
or 1,258 ft. But whether the whole country was 
ever submerged to this extent we cannot yet say. 

If we have reasonable doubts as to the marine 
origin of those shelves and terraces which may some- 
times be detected in the interior of the country, we 
can have little hesitation in ascribing to the action 
of the sea those platforms of rock, and more or 
less broad terraces of silt, sand, and gravel which 
in so many places skirt the coasts. The terraced 
deposits are often plentifully stocked with the shells 
of the common littoral molluscs, and the whole 
aspect of the accumulations leaves one in no doubt 
as to their being ancient sea-margins. When such 
a terrace is followed inland from the coast it is 
usually found to abut more or less abruptly against 
a steeply-sloping bank or a well-marked cliff of hard 
rock, at the base of which we may often observe caves 
and hollows which are evidently the work of the sea. 

As might naturally be expected, the raised beaches 
at the lowest levels are the best preserved — ^those 
at the higher levels ocemring often in mere patches, 
and being hardly observable except by a trained 
eye. These have been so long exposed to the 
action of the atmospheric forces — ^to rain and frost — 
that their sharper outlines have frequently been 
smoothed off, and the terraced appearance well-nigh 
obliterated. This is especially the case where the 
shores are abrupt and rocky, and present bold cliffs 
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to the sweep of the waves. Yet even on such rugged 
promontories we may occasionally detect shelves hewn 
into the seaward slopes of the hills. It is difficult 
indeed to perceive these when we are actually upon 
the ground, but when we retire to some little distance 
so as to catch the profile of the land, they are then 
seen to form prominent platforms and notches. Some 
admirable examples of the kind occur along the bold 
coast-line in the south of Ayrshire, particularly on 
the high-grounds that face to the sea at the mouth of 
the river Stinchar, others are noticeable on the shores 
of Fife, as near Elie. They may also be seen again 
and again on the rugged coasts of the western islands. 
The most continuous succession of shelves and terraces 
which I have observed at any one part of the coast, 
occurs between Newport and Ferry -port-on-craig 
(Frith of Tay). The lower terraces at those places 
consist of gravel and sand — ^the higher ones being 
excavated in the solid rock. They are seven and 
perhaps eight in number — their levels being re- 
spectively 25, 50-54, 75-78, 100, 145-150, 250, 290, 
and 350 ft. above mean water — the last mentioned 
one, however, is very faintly marked. Similar shelves 
and terraces occur at the same or approximately the 
same levels, and also at intermediate levels at many 
places both on the west and east shores of central 
and southern Scotland. The higher ones all belong 
to the glacial series, but even in those at the lowest 
levels we have indications of a somewhat colder 
climate than the country now experiences. And 
probably, when all the raised beaches have been 
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examined in sufficient detail, it will be foimd that 
the movement of elevation that succeeded the great 
depression was not continuous, but interrupted by 
occasional pauses, and perhaps by movements in the 
opposite direction. There are indications of this 
even in some of the upper terraces. Thus, near 
Trinity (Frith of Forth), at a height of 70-80 ft. 
above the sea. Dr. Chambers observed a bed of peat 
under ten feet of sea-sand— the peat containing the 
remains of trees that were rooted in an underlying 
stratum of blue clay.* Facts of a similar kind have 
been noted not far from the same place ; t and the 
inference is that after the land had been pushed 
up so far and the sea had retired, and vegetation 
had covered the country, there was a relapse to 
the former downward movement, when the sea again 
advanced for some distance upon the land, and a 
bed of sand was deposited above the peat and 
prostrate trees. A much more striking example of 
this oscillatory movement is furnished by the facts 
connected with the latest raised beaches, as I shall 
now proceed to point out. 

When we get down to levels below 60 ft. we find 
that both on the east and west coasts of central 
and southern Scotland there are two well-marked 
raised beaches, the upper of which occurs at a 
height varying from 45 ft. to 65 ft. or thereabout 
above the present sea-level. This old beach often 
extends continuously, and with some breadth, for 
considerable distances, but as a rule it appears for 

♦ Ancient Sea Margins^ p 17 . 


t Op ft loc. at. 
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the most part only here and there in what seem 
to have been once sheltered bays. Nevertheless, on 
projecting promontories we not infrequently find it 
represented by a shelf cut in the solid rock. The 
terraced deposits consist principally of gravel and 
sand, and frequently contain shells belonging to 
existing British species, associated with which there 
have occurred certain shells that seem to be now 
restricted to more northern latitudes.* It is in 
this same terrace that the earliest traces of man 
appear to have been recognised. In the parish of 
Dundonald, Ayrshire, a rude ornament made of canncl 
coal was found at a height of 50 ft. above the sea- 
level, resting upon boulder-clay, and covered with 
gravel containing marine shells.t This evidence is 
perhaps slight, but it seems doubtful whether the 
human relics which have been disinterred from 
marine deposits so abundantly at lower levels than 
50 ft. may not in reality sometimes belong to the 
age of the 45-55 ft. beach, or even to earlier times 
still : of this, however, more anon. 

But by far the best preserved and most interesting 
of the old raised beaches is that which occurs at 
a height of 25-30 ft. above the present mean-tide 
mark in the friths of Tay, Forth, Clyde, and Solway, 
and generally both on the east and west coasts of 
central and southern Scotland. When traced north- 


* Mr. Gwynn Jeffreys, Brittbh Ashociation Repot 1862 ; A. Geikie, “ On 
the Glacial Drift of Scotland,” Tram, GeoL Soc 6r7rt/fy., vol. i. part ii. , the 
latter author suggesta that possibly these more northern forms may have been 
washed out of deposits of glacial age. 
t Anhquity of Man^ p. Cl. 
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east to Aberdeen, it appears according to Mr. 
Jamieson * gradually to lose in elevation until 
it sinks to a height of only eight or ten feet above 
high-water. Along the steep and rocky sections 
of the coast this raised beach exists only as a narrow 
shelf hewn into the solid rocks, and in not a few 
exposed places it seems to be entirely absent. But 
wherever the land falls away to the sea in a long 
gentle slope the 25-30 ft. beach is usually well- 
marked, forming a broad terrace that may sometimes 
extend inland for a distance of several miles. Of 
this nature are the great carse-lands of the estuaries — 
the Carse of Gowrie, the Carse of Falkirk and Stir- 
ling, and the broad flats through which the Clyde 
flows in its lower reaches, are all raised beaches 
or terraces. So constantly present is this strip of 
flat land round the coasts that there are very few 
sea-port towns and villages in Scotland which are not 
built upon it. 

The silts, clays, and sands, &c., of which this beach 
is composed, have, in many places, yielded abundance 
of shells — all of which, without a single exception, 
are still living round the coasts. But, besides shells, 
there have also been found the skeletons of seals and 
whales. The latter were got in the Carse of Stirling 
at a height of twenty or twenty-five feet above the 
present tide, and at a distance of several miles from 
the sea. Along with one of the skeletons (discoverd 
in 1819, during the famous improvements on Blair- 
Drummond Moss), a perforated lance of deer’s horn 

♦ Quart. Jour. GcoL Soc.^ 1865, p. 191. 
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was obtained.* Again, on a later occasion (1824), 
a similar implement, eyidently intended for a harpoon 
and still retaining part of the handle, was found 
associated in the same way with another skeleton 
of a whale.f But these are not the only traces of 
man . which the alluvial deposits of the low-lying 
carse-lands have yielded. A canoe, hollowed out of a 
single oak-tree, and measuring 3G ft. in length by 
4 ft. in breadth, was exposed to view in the Carse of 
Falkirk by the undermining of its banks by the 
river Carron. It lay at a depth from the surface 
of fifteen feet, and was overlaid with successive 
layers of clay, shells, moss, sand, and graveLJ 
Another canoe was dug up near Falkirk at a depth 
of 80 ft. from the 8urface.§ In the 25-30 raised 
beach of the Clyde, at and near Glasgow, || at least 
twenty canoes have been discovered at various times, 
while digging foundations for houses and in cutting 
drains. Most of these are formed of single trees ; 
others indicate greater skill in construction — one 
being built of several pieces of oak, but without ribs 
— another having its base and keel formed of a single 
oak, to which were attached ribs, planks, and a prow 
with a high cut- water. In another specimen of these 
anc,icnt craft a circular hole in the bottom was 

* JSdm PhiL Jour., vol. i. p. 395 ; Ibtd. vol. xi. pp. 220, 415 ; Memoirs 
Wernerian Somty, vol. iii. p. 327. 
t Mem. Warn. Soc., vol. v. p. 440. 

J Bibliotheca Topog. Brit., No. 2, part iii. p. 242. 

{ Beauties of Scotland, vol. iii. p. 419. 

II See Chapman’s IHcture of Glasgow, p. 152 ; Chambers’s Ancient Sea- 
Margins, p. 203 ; J. Buchanan’s Glasgou, Past and Present , Trans. Geol. Soc. 
Glasg., vol. iii. p. 370. 



POST-GLACIAL DEPOSITS OF SCOTLAND. 313 


plugged with cork — pointing, as some antiquaries 
have suggested, to intercourse with Spain or southern 
France — ^but cork is light, and may have floated to 
the shores of the Clyde. A beautifully polished 
stone implement was found in the bottom of an old 
canoe, discovered so far back as 1780, while digging 
the foundation of Old St. Enoch’s Church, Glasgow. 
The only recorded instance of the occurrence of human 
remains at any eonsiderable depth in the old carse 
lands is that of a skull, which was dug up in 1843 
21 ft. below the surface at Grangemouth. 

No decided traces of ice-action have been detected 
in the deposits belonging to the 25-30 ft. raised 
beach. It is true that, in the clay-pits on both sides 
of the Forth at this elevation above the sea, contorted 
bedding is a common occurrence, but these contorted 
clay-heds belong unquestionably to the glacial series 
— the 25-30 ft. beach is merely cut into them, and 
here and there the gravel and sand of the old beach 
may be seen lying upon the denuded clay-beds, 
which have evidently sufiered considerable erosion. 
Here and there large boulders rest upon the raised 
beach, but they have plainly been derived from the 
denudation of the till and boulder-clay. Boulders 
are scattered along the present beach in exactly the 
same way. The observer has, therefore, to be on his 
guard lest he should include among the deposits 
belonging to the 25-30 ft. beach every superficial 
accumulation that may chance to occur at that 
elevation. He must always remember that the beach 
is not entirely a terrace of deposition — ^but over wide 
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districts is merely a shelf, broad or narrow as the 
case may be, cut out of pre-existing deposits oi 
clay, sand and gravel, and sometimes out of solid 
rock. 

Before leaving the subject of these raised beaches, 
it must be mentioned that beds of peat containing 
trunks and roots of trees frequently occur underneath 
the deposits of the carae-lands, and submerged peat- 
mosses and ancient forests appear at many places 
round the coasts, as will be more particularly 
described in the next chapter. There can be no 
doubt that these indicate an old land-surface that 
existed prior to the deposition of the carse-clays. 
They therefore prove that the see-saw movement of 
which there are some traces in the higher raised 
beaches, was repeated at a later stage. The land 
was pushed up until all the area now covered by the 
carse-clays was converted into dry ground. Trees 
then flourished and decayed, and were eventually 
submerged by the sinking-down of the land, and 
buried underneath great deposits of silt and sand. 
Then, finally, the land was re-elevated to its present 
level. 

Now, since the peat and trees occur at the bottom 
of the carse-clays, and are usually found overlying 
glacial deposits, it is clear that, so far as direct evi- 
dence goes, they must be older than the 25-30 ft. 
raised beach, and they may be, and probably are, 
older even than the 45-55 ft. beach. When the sea 
stood at a height of 50 ft. above its present level — 
or, if the reader prefers it, when the land stood just 
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SO many feet below that datum-line — clay and silt 
must have accumulated in Our estuaries and bays just 
as it did when the land had risen some 25 ft. higher. 
Indeed, if it be true, as some evidence would lead one 
to infer, that glaciers may still have lingered on at 
the heads of some of the higher valleys even after the 
45-50 ft. beach began to be formed, then the rivers 
would bear seawards a much greater quantity of fine 
silt than they could at a later date, when the glaciers 
had dwindled down to utter insignificance, or even 
disappeared altogether. And it does seem reasonable, 
therefore, to hold that some part at least of the carse- 
clays was laid down upon the sea-bottom at a time 
when the waves beat along the 50 ft. level. From 
which it would follow that the bulk of the buried and 
submerged peat-mosses belongs to a period anterior in 
date to either of those two raised beaches : that, in 
short, the mosses indicate a depression and subsequent 
elevation of 50 ft. and more since the time that they 
and the trees which they enclose grew green upon the 
land. It seems also probable that some of the 
primitive canoes may have sailed in the waters of the 
Clyde when the sea reached not 25 or 30, but 45 or 
55 ft. higher than now. 

Of the Blown Sands, which are met with here and 
there along the coasts, it hardly falls within the 
scope of this work to say more than a few words. 
They occur generally on low-lying shore-lands, and 
very often at or near where a large river enters the 
sea. They frequently form long chains of dimes that 
extend parallel to themselves and the coast-line. The 
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Tent-Moor, between Tayport and the mouth of the 
Eden, is the best example of the kind which I have 
seen. The ridges there are wonderfully persistent 
and well-defined. In other places, as at Stevenston 
on the Ayrshire coast, they form irregular hummocks 
and banks. Some of the most extensive accumu- 
lations are found along the shores of the Moray 
Frith, and Mr. Jamieson thinks that these have 
probably some connection with the rivers entering 
the sea in their neighbourhood — the sands of Culbin, 
for example, having been derived in great measure 
from the sand brought down by the Spey, the 
Findhom, and the Naim.* But in many instances 
they appear rather to be derived from the denuda- 
tion of pre-existing drift deposits. Such is certainly 
the case with those on the shores of Ayrshire, and 
the Frith of Forth. So much is this so, that it is 
often impossible to draw a line upon the map to 
indicate what is true recent blown sand and what 
is drift belonging to the glacial series. Blown sands 
are certainly very often connected with the great 
river valleys, but this appears in most cases that I 
have seen to be due to the fact that those river 
valleys contain abundant gravel and sand deposits of 
glacial age which, upon the low coast-lands at their 
mouths, become exposed to the combined action of 
the sea and the wind. 


♦ Qimi. Jour, GeoL Soc, 1866, p. 192. 
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JjVERYONE is familiar -with the fact that very 
large areas in Scotland are covered with more or 
less thick coatings of peat. These arc not confined to 
any particular region, but they certainly occur in 
greatest abundance in upland and highland districts, 
where the soil is frequently obscured over many 
square miles in extent. 

THiat a peat-moss is entirely composed of vegetable 
matter I need hardly say — that it has been formed by 
the growth and decay of successive generations of 
plants no one doubts: and these plants, moreover, 
as is well known, are still indigenous to the country. 
Such being the case, there may seem to be no 
difficulty in understanding how it comes to pass that 
we have peat-mosses. The plants which go to form 
these turbaries are still growing, and if we only allow 
them sufficient time, no doubt they will give rise to 
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more peat-mosses. But when we begin to look a 
little more closely into the matter, we find that we 
cannot settle the question quite so easily. It is well 
known that underneath the hogs and peat-mosses, 
roots, trunks and branches of forest-trees and shrubs 
occur in great profusion. Here, then, is a ditficulty. 
This buried timber assuredly marks the sites of 
ancient forests. How, then, did the peat come to 
overwhelm them? To discover this, it is obviously 
necessary that we should first endeavour to ascertain 
what kind of trees are buried under the peat, and 
how they are distributed through the country. 

The Scottish “ mosses ” have yielded oak, pine, 
birch, hazel, alder, willow, juniper, &c. — all of them 
species which are even now indigenous to the country. 
There would appear, however, to be an interesting 
excejition to the rule, for it is said, on good botanical 
authority, that the cones of Ah'm picea (silver fir) 
have been dug out of the peat in Orkney — a tree 
which is common in Norway, but not now indigenous 
to Scotland. From the position occupied by the 
buried trees, it is positively certain that they actually 
grow in place. The stools are rooted in the old soil ; 
the trunks, branches, twigs, and even the leaves, lie 
all about. Nay, more than this, each species is 
found rooted upon that particular kind of soil which 
it is known to prefer : thus pines occupy the lighter 
gravelly soils, and oaks the heavier clays. Again, 
we find that the pine predominates in high-level 
mosses, while the oak abounds most in the bogs of 
the lower grounds. 
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Then, as regards the distribution of the ancient 
forests, it is no overstatement to say that they occur 
everywhere. I know of but few areas of peat-moss 
in which they have not been detected ; and this is not 
peculiar to the mainland, but even characterizes the 
little outlying islands. The visitor to Lewis is startled 
to find amidst the blank desolation and sterility of its 
extensive moorlands, the trunks of full-grown trees, 
consisting of oak, alder, birch, and especially Scotch fir. 
Now, the only trees in the island are those which Sir 
James Mathieson has, at great expense, reared around 
his residence. Yet, in some of the islands of the 
Outer Hebrides, a few stunted stems of hazel, birch, 
and mountain-ash may occasionally be seen clinging 
to the rocks, in places which arc beyond the reach of 
sheep and cattle. The bare islands of Orkney and 
Shetland have also at one time supported large trees, 
while of the mainland itself it is difficult to say what 
district has not waved with greenery. The bare fiats 
of Caithness, the storm-swept valleys of the Western 
Highlands, the dreary moorland tracts of Perthshire 
and the north-eastern counties, the peaty uplands of 
Peeblesshire and the Porders, and the wilds of Garrick 
and Galloway have each treasured up abundant relics 
of a bygone ago of forests. 

It would seem also that some of our trees had a 
greater vertical and horizontal range in old times 
than they have now. Mr. Watson gives 600 yards 
and upwards as the height reached by the Scotch 
pine at present. But he “has seen also small 
scattered examples at 800 or even 860 yards of 
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elevation.” These last, however, he thinks had 
probably been planted. “ But that the pine,” he 
continues, “ has grown naturally on the Grampians at 
an equal elevation in former ages, is rendered certain 
by the roots still remaining in the peat-mosses of 
the high table-lands of Forfar and Aberdeen at 
800 yards and upwards.”* Again, in Glenavon, 
Banffshire, there are peat-mosses nearly 3,000 ft. 
above the sea, with abundant roots of the pine ; f 
and in the north of England they have been met 
with at a similar height. J The Scotch pine now 
ranges from Perthshire into Sutherland within lat. 
56°-59°, but in ancient times it must have grown 
indiscriminately throughout the length and breadth 
of Britain, since we meet with it in many of the 
English mosses, as well those of southern as of 
northern districts. 

The common oak has a similar wide diffusion in 
the peat-mosses, and the same remark applies to 
other species. Nothing indeed is more common than 
to meet with buried trunks of very large dimensions, 
occupying levels and positions which are now in the 
highest degree unfavourable to the growth of timber ; 
and this not only in the interior parts of the country, 
for groat trees are frequently dug out of peat close 
to the sea-shore.§ 

But one of the most noteworthy points in con- 

♦ Cj/bele Britanniea, vol. ii. p. 409. 

t Sinclair’s Statistical Account of Scotland, vol. xii. p. 451. 

t Mr. Wynch, quoted in CybeU Britanniea, he, cit. 

{ Edinburgh Bhihsophical Journal, vol. xvii. p. 63 ; see also Bhihaophical 
Transactions, vol. xxii. p. 980 ; and the Statistical Account of Scotland (Old and 
New), passim. 



POST-GLACIAL DEPOSITS OF SCOTLAND. 321 

nection with the peat-mosses remains to be men- 
tioned. They are frequently found to pass below 
the level of the sea. This peculiarity has been 
observed in many places all round the coasts. It 
is needless to describe these submerged forests in 
detail, but I may note a few localities where they 
have been seen. On the coast of the Bay of Skaill 
(Orkney) an acre of peat-moss containing roots and 
trunks of fir-trees was exposed during a storm by 
the washing away of the superincumbent sand.* 
Again, on the north coast of the island of Sanday 
(one of the Orkneys) decayed roots of trees are 
seen at ebb tide upon the beach at Otterwick Bay,t 
and the like occurs in the bay of Sandwick, another 
of the same group of islands. J 

In the sea at Lybster, and under the sands of 
Eioss in Caithness, my colleague, Mr. B. N. Peach, 
tells me he has seen sunk peat with large trees. 

A nximber of years ago, while some improvements 
were being made in the harbour of Aberdeen, a good 
many trunks of oak of large size were dug up, and 
their position showed that they had not been brought 
down by the river, but had grown where they were 
found.§ In the parish of Belhelvie, in the same 
county, peat-moss occurs under the sea-level, and 
is covered to a depth of 10 or 12 ft. with sand. 
Oak-remains appear in this peat, and from the fact 
that during storms large cubical blocks of peat are 

♦ Edin. Fhil. Journal^ vol. iii. p. 100. 

t Sinclair’s Statistical Account, vol. vii. p. 4ol ; Barry’s Orkney Islandu, 

X New Statistical Account. § Ibid. 
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often cast on shore, it seems probable that the peat- 
moss and its buried forest extend for some distance 
out into the bay.* 

In the Carse of Gowrie it ’S well known that 
trunks of oak, willow, fir, hazel, and other trees 
lie buried at depths varying from 20 to 27 and 
even to 40 ft. All these are really at or below 
the sea-level, for the surface of the carse does 
not rise more than 20-30 ft. above that datum- 
line. At the Braes of Monorgan and Polgavie, the 
river Tay has cut down thi’ough the earse-land and 
exposed a bed of peat four ft. thick, containing 
trunks of oak, fir, alder, and birch, the roots of 
which penetrate an old soil. This peat, which now 
forms the bed of the river, is buried below some 
seventeen feet of alluvial matter, throughout which a 
good deal of vegetable debris occurs; towards the 
top of the section, cockles, mussels, and other sea- 
shells make their appearance. It is said also that 
in sinking wells in the earse-land, “ deers’ horns, 
skidls, and other bones ” have frequently been found, 
along with the remains of the trees mentioned 
above.t 

At Flisk, on the south side of the Frith of Tay, 
submerged peat-moss has been traced along the beach 
in one place for a distance of three miles, and in 
another for no less than seven miles. It contains 
hazel and hazel-nuts, and what appears to be alder, 
and the roots are said to occur in places at 10 ft. 


* New Stat%8Ucal Account, 
t Sinclair’s Staluttwal Jrrount, vol. xvi p. 556. 
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below the limits of the full tide.* A thin bed of 
peat, also, may be seen at low water on the shores 
of the Frith of Forth, a little to the east of Largo. 

In the islands of the Hebrides the same phenomena 
may be studied. At Pabbay for example, moss with 
large trees is exposed at ebb of the spring tides, 
and on the coasts of Harris, wherever a high bank 
has been undermined and cut back by the sea, a rich 
loam or black moss is discovered. And this is by 
no means peculiar to Harris, but characterizes all 
the low-lying sandy shores of the Long Island, f as 
in North Uist and Vallay, at both of which places 
submarine peat and trees occur.J Again, on the 
north-west coast of Tiree, and here and there in 
Coll, the same appearances recur.§ 

Nor are similar phenomena wanting along the 
western shores of the mainland, for trees and peat 
have been found under low-water mark at Loch 
Alsh ; II while at Oban the bottom of the harbour, 
which is not loss than twenty fathoms deep, is said 
to be covered with peat in some places.il 

The phenomena of drowned trees and peat-mosses 
are by no means confined to Scotland. They appear 
quite as constantly in England * * and Ireland, f f nor 

* Trans. Roy. Soc. Rdin., vol. ix. p. 419. 

t Sinclair’s Stat. Jec., vol. x. p. 373. 

Ibid. vol. xiii. p. 321. 

§ Edin. Rhtl. Jour., vol. vii. p. 125, 

II Op. et loc. eit. 

IT Dr. Anderson’s Practical Treatise on Peat^moss, p. 160. 

♦♦ Philosophical Transactions, vol. xxii. p. 980 ; vol. 1. p. 51 ; vol. Ixrxix. 
p. 145 ; Philosophical Journal, April 1828 ; Quart. Jour. Qeol. Soc., vol. ri. 
p. 96. 

ft Jukes’ Manual of Gioloyy, p. 740. 
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are they absent on the fm’thor side of the English 
Channel. Sunk forests abound along the coasts of 
Brittany, Normandy, and the Cliannel Islands, where 
trees have been observed at a depth which could 
not have been loss than 00 ft. below high-water. 
Similarly, off the shores of Holland submarine peat- 
mosses occur. 

Now these facts enable us to conclude that the 
sea has within geologically recent times made con- 
siderable encroachments upon the land. It is quite 
clear that our shores and the opposite coasts of the 
Continent have at some period in the past extended 
much farther seaward. Wo infer this not only from 
the facts connected with the submerged mosses, biit 
also from the large size of the buried trees of the 
maritime districts. In most of the islands it is 
impossible for trees now to attain to respectable 
dimensions, unless they arc carefully protected and 
looked after. When the buried forests of the 
Hebrides and Orkney and Shetland Islands were 
growing, no doubt the land stood at a relatively 
higher level and the sea at a greater ditsancc. 

But more than all this, peat has been dredged 
far out in the Gorman Ocean and the English 
Channel ; and fresh- water and littoral shells have been 
dredged in deep water at distances of fourteen and 
forty miles from the nearest land.* Add to these cases 
the frequent occurrence of mammalian remains — ^bones 
and tusks of the mammoth — ^which have been obtained 
often at a considerable distance from the English 

♦ QmrL Jour, GeoK Soc,^ vol. vii. p. 131; Ih'uJ. vol. xxii. p. 160. 
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coast, botli in the North Sea and the English Channel, 
and "we shall hardly escape from agreeing with 
Mr. Godwin-Aiisten, who infers that at no distant 
date, geologically speaking, the bed of the North 
Sea was a great undulating plain traversed from 
south to north by a mighty river, which earned 
the tribute of the Thames, the Khine and other 
streams, and poured in one magnificent Hood into the 
Northern Ocean. 

At this period the British Islands were in all 
jn-obability joined to each other, strc'tching farther 
westwards than now into the Atlantic ; even reaching 
perhaps to the edge of the 100-fathom plateau. We 
cannot of coxrrsc positively assert that this last was 
the ease, but a full consideration of the evidence in 
all its bearings, leaves one hardly any room for 
doubt. Botany, zoology, and geology dlike seem 
to require a continental Britain to explain the 
facts. The plants and animals that now clothe and 
people oiu- islands have been in large measure 
derived from the Continent, and some land-passage 
was needed in recent times to convoy them hither. 
The geological evidence proves that a much larger 
area of land must certainly have existed; and if 
the bed of the sea were only to be elevated so far 
as to expose to the light of day all the peat which 
has been reached in dredging and sounding, Britain 
would immediately become part and parcel of the 
Continent ; for our seas are very shallow, no part of 
the German Ocean, the English Channel, or the Irish 
Sea, being anywhere so deep as Loch Lomond. An 
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elevation of from 20 to 30 fathoms would drain 
nearly all the German Ocean between England and 
the Continent, and 20 fathoms more would lay dry 
the same sea between Scotland and Denmark. The 
average depth of the Irish Sea is not more than 
60 fathoms, and that of the Minch does not exceed 
the same depth. By an elevation of only some 
400 ft., every little islet off our coasts would 
unite with the mainland and the mainland with the 
Continent, Such a degi-eo of upheaval, however, is 
not absolutely required to explain the phenomena 
of the submarine forests : 250 or 350 ft. would 
perhaps suffice. 

The character of th(‘ bm-ied timber indicates pretty 
clearly the kind of climate experienced at that time 
in Britain. It is impossible to look at the thick 
bark and *the tough resinous wood of the bog-pines, 
without feeling sure that the winters then were 
much colder than they arc now. A rigorous climate 
is required to produce the best pine-wood, and it 
has frequently been observed in the north of Scotland 
that trees grown in the most exposed situations show 
the reddest wood and the thickest bark. Yet pines 
dug out of mosses in the south of England compare 
favourably "with the best timber in the old pine 
forests of Eothiemurchus. This of itself is enough 
to show that our climate has greatly changed within 
comparatively recent times. 

But again, the presence of large oaks buried in 
peat, at heights and in situations that would now 
be considered most unfavourable to their growth, 
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bespeaks the former prevalence of somewhat warmer 
summers. In short, wo are led to conclude that 
the seasons during the growth of the ancient forests, 
were more strongly contrasted than they are now. 
Such couditions would naturally follow upon the 
union of Britain with the Continent. With broad 
wooded plains substituted for the German Ocean 
and the Irish Sea, and with a wider spread of land 
along our western sea-board, it can hardly be doubted 
that, other things being equal, our climate would 
be gi'eatly affected, so much so as to approach in 
character to that of Germany. 

We have now to inquire what it Avas that caused 
the decay and oACTthroAV of the ancient forests, -'and 
induced the growth of peat-mosses instead. 

It has been surmised by some AV'riters that much of 
the old timber may have been blown down, and they 
have referred to the fact that all the trees in some peat- 
mosses often lie in one direction, as if they had met 
their fate at one and the same time.* The woods, as 
we know, grew thick and close, the trunks rose tall and 
straight, and their roots Avoro fewer and not so widely 
spreading as they would have been had the trees 
groAvn in isolated positions. Hence, when a breach 
was once effected by the ovei'thi’ow of the sturdier 
trunks that guarded the outskirts of the forest, the 
destruction of the less firmly-rooted timber, it has 

♦ Highland Soviet g' 8 Prize Essays^ vol. ii. p. 19 (Old Series) ; Rennie’s 
Ehsays on Peat-moss^ p. 81 ; Sinclair’s Stat. Acc,, vols. iv. p. 214 ; v. p. 131 ; 
and XV. p. 484 ; Heio Stat. Acr. Paisley and Carlukt. Vide also, for similar 
phenomena in English and foreign peat-mosses, PkiL Ttana.^ vol. xxii. p. 989; 
Rennie’s Essays ; Degner, TurJiSf p. 81. 
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been thought, would speedily foUow. Doubtless many 
acres may have been desolated in this way. But it 
seems extravagant to infer that all the buried timber 
met its fate after this fashion. We cannot suppose 
the pcculiai’ position of the trees to be in every instance 
the result of violent storms. Trees are usually bent 
over in some particular direction by prevailing winds, 
and when any cause leads to their overthrow, whether 
it be natural decay or otherwise, they naturally fall as 
they lean. 

Other causes of destruction have been suggested, 
such as lightning, and what are known in America as 
ice-storms. Neither of these causes can be quite 
ignored, yet they can hardly have been other than 
partial in their operation. 

But when we come to ask what share man has had 
in the work, we find that he has been a far more 
potent agent of destruction than any of the causes yet 
referred to. Besides the evidence of his hand afforded 
by the charred wood under peat, we sometimes come 
upon marks of adze and hatchet. 

The earliest historical accounts of North Britain 
have afforded abundant food for controversy to anti- 
quarians, but when the geologist has gleaned together 
the few descriptive remarks which occur here and 
there, in the pages of Tacitus, Dion Cassius, Herodian, 
and others, he will find that his knowledge of the 
physical aspect of Scotland does not amount to much 
that is very definite. He will loam, however, that 
Caledonia was notorious on account of its impene- 
trable forests and impassable morasses. But the pre- 
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cise extent of ground covered by these woods and 
marshes must always be matter of conjecture. The 
forest-land known as Sylva Caledoniw appears to have 
stretched north of the wall of Severus, but south of 
that boundary large forests must have existed ; indeed, 
down to much more recent times, many wide districts 
of southern Scotland could still boast of their wood- 
lands. Of the nature of those waste plains, described 
by the ancients as full of pools and marshes, we can 
have little doubt, although we cannot of course pre- 
tend to point out their particular site. Those who 
have traversed the central counties of Scotland must 
have been struck with the numberless sheets of allu- 
vium which everywhere meet the eye, betokening the 
presence, in former days, of so many little lakes. In 
Illeau’s Atlas, many lochans appear in spots that have 
long ago come under the dominion of the plough. 
These, hoAvever, must form but a small proportion of 
the lakes which have been drained since the time of 
the Eomans. Such inconsiderable peaty lochans were 
not likely to merit particular mention by those who 
had gazed on the Alpine lakes, save as they became 
vexatious interruptions to their progress through the 
country, and surrounded, as many of them in all pro- 
bability wore, with treacherous morasses, the words 
of the old historians appear to have been descriptive 
enough of certain ample areas in the Scottish Low- 
lands. 

It seems to have been the common practice of the 
Eomans to cut down the trees for some distance on 
either side a “way,” to prevent sui’prise by the enemy. 
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Several old “ ways” have been discovered on the clear- 
ing away of mosses, and in their neighbourhood lie 
many trunks of trees, bearing evidence of having fallen 
by the hand of man. The presence of Eoman axes 
and coins leaves us in no doubt us to who the destroyers 
were. I3ut it is quite evident that such embedded 
relics do not enable us to fix the age of a peat-moss. 
They merely toll us that the origin of the peat cannot 
date back beyond a certain period, but may be ascribed 
to any subsequent time. Hence it is impossible to say 
what amount of waste we arc to s('t down to the credit 
of the Eomans. Some authors have, perhaps, been too 
ready to exaggerate the damage done by the legions. 
The buried forests Avhich can be proved to have fallen 
before Eoman axe and firebrand are not many after 
all ; but we may reasonably suppose that these form 
only a portion of the woods which were cleared at that 
time. 

We have, however, what appears to be direct evi- 
dence to shoAv that some regions had been divested of 
their growing timber before the Eoman period ; for, if 
Solinus may bo trusted, the Orkneys were, in the days 
of the Eomans, bare and bleak as they have been ever 
since. He says, “ They are three in number, and con- 
tain neither inhabitants nor woods j here and there 
they bristle with shaggy copse and herbs, but, for the 
most part, all they show is bare sand and rock.” 
A patriotic Orcadian might insist that the statement 
“three in number” renders Avhat follows untrust- 
worthy; and perhaps he might prefer the testimony 
of Ossian, who, in his poem of “ Carric-thura,” says 
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of some island in the group, “ a rock bends along the 
coast with all its echoing wood.” According to Tor- 
faeus (historiographer to the Xing of Denmark),* the 
condition of the Orkneys in the year 890 agreed with 
the description given by Solinus.'f For at that time 
Einar conferred a great boon upon his countrymen by 
teaching them the use of peat for fuel — ^there being 
then, as Torfaeus says, no woods in the islands. Yet 
it is well known that the p(sat-mossos of the Orkneys, 
and even those of the Shetlands, contain the remains 
of considerable trees. 

My limits will not permit me to consider in detail 
accounts of the condition of the Scottish forests in 
times subsequent to the Koman period. Any reference 
by the chroniclers to the state of the woodlands is only 
incidental, and perhaps not always to be relied upon. 
It is interesting, however, to learn from Boethius that 
the horrkla Hylva Calcdonice had in his time become 
mere matter of history. J He further tells us that 
Fifeshire had formerly been well wooded (in the times 
of some of his early Scottish kings) ; but “ it is now,” 
says his old translator, ‘‘bair of woddis ; for the thevis 
were sometime sa frequent in the samin that they 
micht na way be dantit, quhill the woddis war bet 
down.”§ Again, Boethius describes the island of Isla 
(whose peat-mosses contain roots and trunks of trees) 

♦ Torfaeus wrote about 1690. He was a native of Iceland, and died in 
1720. 

t Solinus is supposed to have written about a.d. 240. 
i If this had not been the case, he would surely have quoted a less ancient 
authority than Ptolemy for the site of the ancient forest. See Conmographie 
and Description of Albion, 

{ Crontklts of Scotland, chap. xi. 
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to be an island rich in metals, which could not bo 
wrought on account of the want of wood.* 

After the period to which Booce refers, any allu- 
sions to the aspect of the country are best sought for 
in cartularies and such records. For the rights ac- 
quired by monasteries over various forests thi’oughout 
the country, those cartularies afford abundant evi- 
dence. Chalmers f has enumerated many instances 
of special grants by kings and barons “ of particular 
forests in pasturage and panage, and for cutting wood 
for building, brnming, and all other purposes ; ” and 
Mr. Tytler ij: has added to the list. It need hardly be 
remarked that the greater part of these woodlands has 
long disappeared. And yet the old cartularies “ abound 
with notices of forests in cveiy shire during the Scoto- 
Saxon period.” I have not hesitated to quote the 
authority of those records, and the opinions of two 
such learned and correct writers as Chahners and 
Tytler. No one can deny that the evidence of the 
cartularies is in favour of a better wooded condition 
for the country than now obtains. But wo must 
guard against the mistake of supposing that all the 
area embraced under the designation of a “forest” 
was covered with forest-trees. And there can be little 
doubt that both Chalmers and Tytler road the cartu- 
laries in the light of the facts which are disclosed by 
the peat-mosses. The trunks of pine, oak, ash, and 

* Bellenden’s version of the passage is 'Charaotcriatic. He says, Isla is 
** full of metallis, gif thuir wer ony crafty and industrius peple to win the 
samin ; but he quietly drops all allusion to the want of wood in the island. 

t Caledonia^ vol. i. p. 792, &c. 

I Kisf, of Scot., vol. ii. chap. ii. third edit., ^and the authoiities thcio 
quoted and referred to. 
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other hard timber dug out of the mosses, were regarded 
as proofs that the regions indicated by the cartularies 
were in reality the sites of gi’eat forests at the time to 
which those records refer. But it is probable, nay in 
many cases quite certain, that much of this biiried 
timber belongs to a more remote period. But even 
with this reservation, Scotland, down to the fomdieenth 
century, would appear hardly to have merited the 
description given by iEneas Silvius at a later date. 
During the civil commotions of the country,* and the 
long wars with England,f much wood seems to have 
been destroyed, and the gradual progress- of cultiva- 
tion also began to encroach upon the forest-lands. 
The great number of salt-pans that were early esta- 
blished in Scotland, and the right which the pro- 
prietors usually obtained to cut the requisite firewood 
from tlie forests of the country, was another cause of 
destruction, and much timber disappeared in this way 
from the maritime districts. But although wood 
appears to have been the fuel commonly employed in 
the manufactui-o of salt, yet it is not unlikely that 
peat may also have been burned in some cases. It is 
certain, at least, that peat was a common enough fuel 
in David I.’s reign, and thatj “petarics became fre- 
quent objects of grant to the abbots and convents 


* Foredun relates that Robert the Bruce defeated the !Ed.rl of Buchan near 
luverury, and ravaged the district with fire. The marks of fire are said to 
be visible on the trees in the peat-mosses of that neighbourhood. Sinclair’s 
Statistical Account, vol. xx. p. 144. 

t Knighton mentions that in the reign of Richard II., the Fnglish, under 
the Duke of Lancaster, besides firing the forests, employed eighty thousand 
hatchets in the work of their destruction. 

X Caledoma, vol. i. p. 793. 
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during the Scoto-Saxon period.” This fact ought 
perhaps to he looked upon as a farther proof of the 
increasing decay of the forests. 

But by far the most remarkable testimony to the 
bare condition of the country is furnished by the Acts 
of the Scottish Parliament. From the times of the 
first James, stringent acts were adopted by successive 
parliaments,* having for their object the preservation of 
the woods. Aeneas Silvius (afterwards Pope Pius II.), 
who visited this country about the middle of the fif- 
teenth century, relates : “We have seen the poor 
people almost naked, who came to beg at the doors of 
the temples, receive for alms pieces of a stone, with 
which they went away contented. This kind of stone, 
being impregnated either with sulphur or some other 
combustible material, they bum instead of wood, of 
which their country is destitute.” f Such a statement 
regarding the bare condition of the country might 
have been thought somewhat exaggerated, for it is the 
testimony of a visitor from more favoured climates ; 
but its tnith is eurioxisly illustrated by an Act of 


* See Jicts of ^cofU^h Parliament. The moro intere'iting arts referring 
to the state of the woods were passed as follows- — James I., Second Parlia- 
ment, A.i). 1424; James IT., Fourteenth Pailiamcnt, a.i>. 14o7 , James IV., 
J^ext Parliament, a.d 1o 03 ; James V , Fourth Parliament, A.n. 1535 , Mary, 
Sext Pailiament, 1555 , James VI., Fust Parliament, 1667, Sixth Parliament, 
1579, Eleventh Parliament, 1587. It is curious to notice how, from the time 
of James I., the penalties imposed upon the destroyers of wood increase in 
severity. Pecuniary fines are bucceeded in time by stocks, piison, or irons ; 
the culprit is to be fed on bread and water during confinement, and to be 
scourged before parting from his jaileis. The climax is reached in the 
following act, which became law in 1587 : — “ Whatsoever persone or person es 
wilfully destroyis and cuttis growand trees and comes, sail be called therefore 
before the Justice or his deputes, at Justice Airs, or particular diettes, and 
punished therefore to the death, as thieves.’* 
t J)e Europa, cap. 46. 
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Scottish Parliament, passed in the reign of James IV. 
— “ Anent the artikle of greenowood, because that the 
Wood of Scotland is utterly destroyed., the unlaw theirof 
beand sa little : Therefore,” &e.* 

There are, of course, numerous traditions regarding 
the former wooded condition of various districts from 
which the trees have long since been stripped. Many 
of these refer to some of those woods which I have 
already mentioned, as being frequently named in the 
cartularies and similar records. 

Another line of evidence is supplied by local names ; 
but into this subject 1 cannot enter here. 

The short outline of historical facts now given seems 
to prove : — 

1st. That when the Eomans entered Britain they 
found the surface of the country to some extent 
covered with forests, but divorsifi(;d in many places 
with bogs and marshes. 

2nd. That to this ])eriod wo must refer the destruc- 
tion, of some portions of the ancient forests, whoso 
remains are dug out of the peat-mosses ; but what 
amount of damage the woods then sustained we have 
no means of ascertaining. 

3rd. That from the time wliich elapsed after the 
departure of the Eomans down to the eleventh cen- 
tury we have no certain records referring to the state 
of the preservation of any part of the Scottish woods, 
unless we except the statement of Boethius, who tells 
us that Fife had in great measure been divested of its 
forests by some of his early Scottish kings. 

• Sext Parliament, a.d. 1/503. 
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4th. That from the eleventh to the thirteenth cen- 
tury, and down even to later times, there appear to 
have been still considerable areas of forest-land, the 
rights to which were frequently granted to ecclesias- 
tical communities and others. 

5th. That during these centuries much forest was 
thus cleared and brought under cultivation ; that at 
the same time woods were exhausted by building and 
burning, more especially as fuel for the salt-works ; 
while extensive tracts wore displenished and laid waste 
during times of war and cml strife. 

6th. That from the time of James I. there appears 
to have been a progressive decay of the remainder of 
the Scottish woods. 

There can be no doubt, then, that man must be 
credited with no small share in the work of destruc- 
tion. It may be questioned, however, whether he 
was, after all, the chief agent. Certain considerations 
would seem to show that too much has been reckoned 
up against him. . 

We have seen that the general character and 
distribution of much of the timber in our peat-bogs 
points to the former prevalence of a somewhat exces- 
sive climate, and I have sought to connect this 
period with that continental condition of Britain 
which geologists are generally agreed did obtain 
within comparatively recent times. Now, when our 
area once more became insular, it is almost needless 
to say that this change would react upon the climate 
— ^the winters would become milder, and the summers 
cooler. The trees in what are now the maritime 
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districts, would soon succumb to tbe influence of the 
sea air. Thus, wide areas along the coasts, and in 
the islands of Orkney, Shetland, and the Hebrides, 
would be displenished. The trees, falling to the 
ground, would obstruct the surface-drainage, and 
thus give rise to marshes in which the bog-mosses 
would speedily multiply, until, by-and-by, they over- 
whelmed the prostrate timber, and covered the whole 
with a mantle of growing peat. Nor ean it be 
doubted, that, on the moist hill-tops, and in many 
places in the interior of the coimtry, similar changes 
would transpire. 

It is a mistake, however, to suppose that peat-moss 
always overlies a prostrate forest. There are cases 
where no trace of wood can bo detected. Peat of this 
description is not uncommon in the upland districts 
of the south of Scotland, where it frequently clothes 
the tops and slopes of considerable hills to a depth of 
from 6 to 12, and even 16 ft. Here, then, there are 
no trees to account for its presence. Again, in the 
mosses of the higher hill-tops, when trees do occur, 
they are of small size — ^mere brushwood, in fact, the 
overthrow of which, we can hardly think, would have 
done much in the way of collecting moisture for the 
support of the bog-mosses. 

Prom a consideration of these and other points, it 
seems not unreasonable to suppose that the decay of 
the woods and the growth of the peat were both alike 
to some extent induced by a change of climate. 
Insulation would render the country less capable of 
supporting an exuberant forest-growth, and wordd 
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at the same time increase the moisture of the 
atmosphere, and thus favour the spreading of the 
bog-moss and its allies. 

As the beginning of these changes carries us back 
far beyond the earliest dawn of history, it follows 
that much of the peat and buried timber of our 
coimtry may be of great antiquity. And, indeed, in 
the case of many mosses, we seem more likely to err 
in ascribing too recent than too early a date to the 
period of their formation. We cannot estimate the 
time which has gone by since the western islands 
supported those timber-trees, the remains of which 
are dug out of the mosses. It is highly probable, that, 
at the period in question, those islands were joined 
with the mainland, and shared a continental climate. 
To the same date we may refer much of the buried 
timber of the Orkney and Shetland Islands. Again, 
tho more elevated peat-mosses of the country must 
have been among the first to be formed ; for, any 
change from a continental to an insular state would 
tell first upon tho trees that grew along the sea-board, 
and at the higher elevations of the land. It seems 
reasonable, therefore, to conclude that, long before 
the Eomans set foot in Britain, the overthrow of 
timber and the growth of peat-moss had made 
considerable progress ; that, in short, the Caledonian 
Wood was but the relics of that great forest which in 
former ages had spread over all the area of these 
islands and the German Ocean. 

Farming operations have encroached, and every 
year are continuing to encroach, upon the moss-lands. 
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But a very long time indeed ■will elapse before the 
great “ flow-mosses ” or quaking bogs, some of which 
exceed 40 ft. in depth, shall be improved out of 
existence. Draining, however, has done much to 
stop the gro'wth of peat in many places, and is 
destined to do still more. I feel sure, from what I 
have myself seen, that the general decay of the peat- 
mosses (I refer more especially to those on flat hill- 
tops and sloping ground) far exceeds the rate of 
gro-wth. Frost and rain are breaking do'wn the peat 
and washing it rapidly away, and in many cases only 
a few shreds have been left scattered here and there 
over the tops and slopes of the hills. Under present 
climatal conditions, the eventual clearing of all these 
high-grounds is only a question of time. This 
change must, no doiibt, bo attributed, in large 
measure, to improved systems of drainage, but it 
seems not improbable that it may also in some degree 
be due to a lessened rainfall — ^the mosses not receiving 
so much moisture as they did in former times. But, 
for obvious reasons, this would be a very difficult 
matter to prove.* 

* For general information on Scottish peat-mosses consult Kennie’s 
Ehnnys on Peat ; Aiton's Treatise on the Origin, Qualities, and Cultivation of 
Moss-earth ; and Steele’s Histoi'y of Peat -moss. Dr. Anderson’s Prac1i<al 
Treatise on Peat is a whimsical attempt to prove that peat*-mofl.s is a plant sni 
generis ! 
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POST-GLACIAL AND RECENT DEPOSITS OF SCOTLAND 

Continued. 

Action of the weather on rocks. — Erosion by running water. — Post-glacial 
erosion insignificant in amount as compared with denudation during last 
intcr-glacial period. — Recent river-terraces — Silted-up lakes. — !Marl- 
beds. — Organic remains in fresh- water alluvia. — Human relics.— Con- 
clusions regarding succession of events in post-glacial times. — General 
summary of glacial, inter-glacial, and post-glacial changes. 

^HE great erosion caused by the continuous grind- 
ing of gigantic masses of ice — the rounded outline 
given to crags and hills — ^the scooping-out of deep 
basins in solid rooks — and the accumulation of thick 
and wide-spread deposits of till — seem, by comparison, 
so immensely more important than the results effected 
by the action of rain and frost, as at first sight to 
render these somewhat insignificant. A little refiec- 
tion, however, will serve to dispel this notion, and 
show ns that, even in the absence of snow-fields and 
glaciers, the waste of the land by the other atmo- 
spheric forces must be enormous. 

Let us recall the appearance presented by the Scot- 
tish mountains — bold hummocky masses of rock, for 
the most part, but often bristling with splintered 
crags and shattered precipices. See how frequently 
the hill-tops are buried in their own ruin, and how the 
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flanks are in many places curtained with long sweeps 
of loose angular blocks and rubbish, that shoot down 
from the base of cliff and scaur to the dark glens 
below. All this is the work of rain and frost. 
When the whole’ country was swathed in snow and 
ice, the hills and valleys no doubt experienced con- 
siderable degradation from the grinding action of 
the confluent glaciers ; but then, on the other hand, 
frost was debarred in large measure from carrying 
on its usual work of destruction — for only a very few 
of the highest mountains then lifted their heads above 
the level of the far-extended mer do glace. Glacial 
erosion during these conditions was, no doubt, exces- 
sive ; but we must remember that the continuous 
grinding of a glacier upon its bed, produces less effect 
than the simple action of the frost upon such rocks as 
are exposed above its surface. Consequentiy, under 
extreme climatal conditions, the greater the area of 
bare rock, the more considerable will the waste be; 
the moraines of small glaciers being proportionately 
larger than those of more important ice-flows. Thus, 
long after the glaciers of Scotland had dwindled down 
to comparative insignificance, the waste amongst the 
mountains must still have been prodigious. The 
extreme cold of those old times has long since 
passed away, but even now, when no persistent 
snow-fields exist, the havoc effected by frost is yet 
very considerable. 

Then, again, wo have to bear in mind that the 
whole surface of the country is being subjected to 
the abrading action of running water. Under the 



34 * 


THE GREAT ICE AGE. 


influence of rain, soil is continually travelling do^v^l 
from, higher to lower levels; rills and brooklets arc 
gouging out deep trenches in the Subsoils and solid 
rocks; streams and rivers are constantly wearing 
away their banks and transporting sediment to the 
sea. The gravel and sand and silt that pave the 
numerous water-courses, are but the wreck and 
ruin of the land, and it is easy to see, that, since the 
close of the glacial epoch, immense quantities of 
material have been thus abstracted from the country. 
The streams and rivers have been working deeper and 
deeper into the bottoms of the valleys, and leaving 
behind them terrace after terrace of alluvial detritus 
to mark the different levels at which they formerly 
flowed. And if we tried to estimate the amount of 
material which has been thus cut out of the valleys 
and carried seawards, we should no longer feel 
inclined to undervalue the erosive power exerted by 
running water. But we should not have proceeded 
far in our investigations before wo became aware of 
the fact that, great as this erosion has been since 
glacial times, it is yet insignificant as compared with 
the vast denudation which was effected during the last 
inter-glacial period, that is, prior to the submergence 
of the country. It was then that the till and other 
glacial deposits were swept out of the valleys, and the 
solid rocks themselves deeply incised. During the 
succeeding period of submergence, the sea no doubt 
eroded the superficial materials hero and there, and 
scarped out shelves on the slopes of the hills, but its 
work was chiefly that of re-arranging and rc-assorling 
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— ^the clearing-out of the valleys, many of which had 
been choked up with d6bris by the glaciers, was well- 


nigh exclusively effeetcd by the 
great rivers of the last inter-glacial 
period. 

In the annexed diagram (Fig. 49) 

I have indicated the relative posi- 
tions occupied by the modern or 
recent river deposits, and those that 
belong to the ora that preceded sub- 
mergence. The solid rock is shown 
at r r; the till at ^ the inter- 
glacial river gravels g g', and the 
recent deposits at a. a. These ap- 
pearances compel us to infer, first, 3 
that till not only covered the side- • § 
slopes, but also cumbered the bottom ~ 
of the valley to a considerable depth. §’ 
Then came the last inter-glacial period, 
with its big rivers, which ploughed 
out the till and, as they deepened 
their channels, clothed the sides of 
the valleys with gravel and sand. 
The hummocky outline of the gravel 
may, in many cases, bo due to mere 
subsequent atmospheric erosion, but 
frequently it would appear that ma- 
rine action may have had sometliing 
to do with it. At all events, we know 
that subsequent to the denudation 



of the till and the formation of the river gravels 
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submergence ensued, and these fresh-water deposits 
must therefore have come under the modifying 
influence of waves and currents. Finally, re-eleva- 
tion was effected, and rivers once more fomid their 
way along the valleys, and re-excavated the gravels 
that were laid down during the previous period. 
As these later streams cut their way into the 
bottom of the valley, they left successive terraces of 
alluvial gravel, sand and silt, which are shown 
at a a. 

I have described the various kinds of lakes that 
exist in Scotland, and have shown how not a few of 
these have been silted up by the streams since glacial 
times. Such flUed-up lakes are probably far more 
numerous than we have any idea of — ^for it is always 
difficult to proVe that a wide flat of alluvial gi'ound 
marks the site of an ancient lake. The barriers that 
formerly held in the water become obliterated, either 
by being swept away, or buried deeply under recent 
deposits. Such is the case with not a few rock-basins, 
where the lower lip of rock is often conc('aled below 
silt, sand, or gravel. And it is only by boring that 
this fact can be demonstrated. I have refciTed to 
two such cases, namely, Eogton Loch near Dal- 
mellington, aAd St. Mary’s Loch in Peeblesshire, 
which are two rock-basins in the course of being 
filled up. Others, again, as I have remarked, have 
been completely obliterated by the pouring into them 
of sediment. Very few of the fresh-water lakes and 
sea-lochs do not show more or less extensive flats 
opposite the mouths of the streams and rhers that 
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flow into them ; and even where no such flat ground 
appears, the soimdings yet show that a delta is 
gradually increasing below the surface of the water. 
This is specially the case, of course, when the lakes 
are -deep. 

In the lowland districts there arc numberless little 
sheets of alluvium and peat that mark the sites of 
shallow pools and lakelets. Many of these, especially 
in Ayrshire, rest in hollows of the till, and some in 
superficial depressions of drift sand and gravel. 
They have not been silted up by streams, but by the 
gradual washing down of the banks and slopes that 
surround them, under the long-continued action of rain 
and frost. And, indeed, I know hardly anything 
more calculated to impress one with the importance 
of these apparently insignificant agents of waste, 
than the phenomena connected with the obliterated 
lakelets referred to. The deposits that fill them 
up are often several yards in thickness, twelve 
and fifteen feet being no uncommon depth. Loam 
and loamy clay, which is sometimes used for brick- 
making, are the prevailing ingredients, but these 
often contain intercalated beds of peat and decayed 
trees, which have evidently grown in situ — princi- 
pally willows and alders, but at the bottom oaks 
are frequently found rooted in the subjacent glacial 
clays. 

Not a few old lake-beds are found to be in large 
measure filled up with marl, consisting of the re- 
mains of innumerable fresh-water shells. Many ex- 
amples of this occur in Forfai’shire, where they 
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were long ago studied by Sir Charles Lyoll and 
others.* 

Now in these alluvia, both lacustrine and fluviatilc, 
mammalian remains have frequently been discovered. 
Among other forms we get Bos primigenins, B. longi- 
J’rons, wild boar, red deer, fallow-deer, roebuck, elk or 
moose-deer, Irish elk, reindeer, goat, wolf, wild-cat, fox, 
beaver. The Bos primigmius, or urus, is now extinct, 
but is believed to be represented by the white cattle of 
Chillingworth and Hamilton, and our present domestic 
breeds. Bos hngifrons is also extinct, but from it 
some of our domestic cattle may have descended. 

The true elk ( Cervus aloes) which ranges over the 
northern regions of America and Asia, from latitude 
45“ northwards to the shores of the Arctic Sea, but 
in Europe does not come farther south than the 64th 
degree of latitude, wandered in post-glacial times 
over all Scotland, its remains having been found in 
recent deposits as well in northern and central as in 
southern counties.f But there appears to be only one 
instance on record where remains of the Irish elk have 
occurred in recent deposits, namely, in a marl-bed at 
Maybole in Aryshire.J The reindeer is also rarely 
met with, but there can be no doubt that it also was 
a native of Scotland § in post-glacial times ; some 
writers, indeed, relying on a statement of Torfaeus, 
think that it may have survived in the extreme north 

* Trujisactioiis of the Geological Society , vol. iv. p. 305. Ibid, Second Series, 

vol. ii. p. 73. 

t Proceedings of the Society of Antiquaries of Scotland^ vol. ix, 

X New Statistical Account of Scotland, vol. v. p. 353. 

§ Proc, Soc. Antiq, Scot., vol. viii. p. 186. 
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down to the twelfth century. Wolves and beavers, 
though no longer natives of Scotland, were certainly 
so within historical times. Of the other animals 
mentioned nothing need be said here; they are 
all forms eminently characteristic of a temperate 
climate. 

It is remarkable that nowhere in the recent deposits 
of Scotland have we any trace of the great pachy- 
derms, so frequently met with in certain river gravels 
of England and the Continent. All the remains of 
the mammoth yet detected have appeared either in 
beds that underlie or are intercalated with the tUl, or 
else they have occurred in the actual till itself. There 
is a vague mention of the horn of a rhinoceros having 
been dug up in marl at the Loch of Eorfar,* but I 
fear no reliance can be placed upon it. 

The oldest relics of man in Scotland consist of stone 
implemcuts. They turn up everywhere, and to give 
merely a list of the places where they have been de- 
tected would be to enumerate every district in the 
country, not even excepting the outlying islands. 
They occur either at the surface of the ground or 
embedded below peat, and in recent alluvial deposits, 
and they frequently appear associated with the remains 
of some of the animals referred to above. We cannot 
assign them to an older date than the Newer Stone 
period of archaeologists, not a single relic of the Older 
Stone period having yet been met with north of the 
Tweed. 

♦ Edin. VhxL Journal^ vol. viii. p. 387 ; Memotrs Wernerian Society^ vol. iv. 
p. ’)82, vol. V. p. 573 
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Having now finished our very rapid survey of 
Scottish post-glacial deposits, I shall endeavour, in a 
few words, to summarise the results obtained. 

During the deposition of the clays and sands with 
arctic shells, the land, as we have seen, stood rela- 
tively at a lower level than now. But the period of 
submergence was passing away ; slowly and gradu- 
ally the sea retired, leaving behind it, as the land 
emerged, certain shelves and terraces to mark the 
height at which its waves had formerly rolled. This 
i*eccssion of the sea appears to have been occasionally 
interrupted ; nay, it even happened that sometimes 
the water regained a part of the territory it had lost, 
and spread its sediment over the site of prostrate 
forests. A good deal of ice seems to have been fioat- 
ing about in Scottish seas, even after the rc-clevation 
of the land had made great progress. Eafts and, per- 
haps, bergs stranded in the shallow waters of the 
estuaries, and threw into confusion the fine silts and 
clays that were there accumulating. Often, too, they 
dropped stones and boulders as they floated along, and 
these became embedded Tipon the floor of the sea. In 
this way pieces of chalk, which may have come from 
Denmark, were covered up in the clay at Portobello. 
At this time glaciers still lingered in our mountain- 
valleys, and the rivers, turbid with silt, carried down 
great quantities of shingle and sand to the low- 
grounds, and poured their muddy waiters into our 
sea-lochs and estuaries. 

The sea continuing to retire, the British Islands 
became at last united to the Continent. We have 
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no positive evidence as to the character of the cli- 
mate which then prevailed in our area, but it could 
hardly have been other than excessive and quasi- 
continental. Edward Forbes considered* that our 
country at that time was in the condition of the 
barren grounds of North America — ^bare and treeless 
— and inhabited by reindeer, Irish elk, uri, bears, f 
foxes, wolves, hares, cats, and beavers. It is almost 
certain, indeed, that a bare and treeless state must 
have preceded the age of forests, but it would be 
hazardous to assert that trees did not exist in Britain 
before the German Ocean became for the last time 
converted into dry land. The remains of trees occur 
in Scottish post-glacial beds that are most probably of 
older date than the latest continental condition of 
Britain. It would appear, therefore, that trees 
existed in Scotland before the bed of the German 
Ocean was upheaved. Whence these were derived wo 
can only conjecture ; most likely, however, they came 
from England, and if so, this would indicate that 
England was joined to the Continent at an earlier 
period than Scotland. But, however this may have 
been, we know that the whole of the British area 
became at last one magnificent forest-land, continuous 
across the bed of the German Ocean with the great 
forests of northern Europe. Scotland at this time 
was inhabited by numerous races of wild aniirials, 
many of them now locally and some wholly extinct. 

♦ Memoirs of the Geoloqxcal Purvey, vol. i. p. 397. 

t Spccios of bear api)eAr to have boen got in true post-glacial deposits in 
Ireland, but nowhere in Sc otland 
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The reindeer, elk, wolf, beaver, &c., have disappeared 
from the country ; the ancient wild bovidse now only 
live in our domestic breeds, and the Irish elk is 
extinct. It was, probably, during this last conti- 
nental condition of the country that the men who used 
the polished stone implements entered Scotland. They 
were a race of hunters and fishers, and seem to have 
frequented the neighbourhood of rivers and lakes, 
living a life not unlike that of the Indians in what 
were once the woody wildernesses of Canada. The 
climate would appear to have been somewhat exces- 
sive, the winters being considerably colder, and the 
summers, perhaps, a little warmer than at present — at 
least, on what is now the eastern side of our island. 

How long this continental condition lasted we 
cannot even conjecture. We only know that, after it 
had endured for a considerable time, the sea once 
more began to encroach upon the land, and at last 
Britain became an island. The sea advanced until 
the water-line reached some 50 or 60 ft. above its 
present level, and then a considerable pause super- 
vened. Man still inhabited the country, casting 
his nets in the lakes, and sailing about the sea- 
coast in his canoes hollowed out of single oaks. 
Again the sea retired, and once more paused when 
it had fallen to 25 or 30 ft. above its present level. 
The arctic mollusca that once lived around the shores 
had now vanished, and the present fauna occupied their 
place. But the seas were, perhaps, even then a little 
colder than they are now ; as would seem to be indi- 
cated by the presence in the carsc-clays of the 
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stranded whales, which belong to the large Greenland 
species. 

The final movement that carried the land up to its 
present level brings us down to recent times, after 
which it falls to the archmologist to continue the 
strange story of the past. 

So many points of evidence have now been adduced, 
that it will be well, before we address ourselves to 
the study of the glacial deposits of other countries, to 
reckon up here in a few paragraphs what appears to 
have been the general succession of geological changes 
in Scotland from the advent of the Great Ice Age 
down to recent times. 

1. The till, with its intercalated beds, indicates a 
vast lapse of time, during which there were several 
revolutions of climate — ^how many, we do not know. 

2. The beds of till point to intense arctic conditions 
having prevailed at the time of their formation. 

3. During the climax of glacial cold, glaciers not 
only filled the mountain- valleys to overflowing, but 
coalesced upon the Lowlands, and creeping outwards 
occupied all the shallow seas around the shores. Only 
the tips of the highest hills peered above the mer de 
glace, which became confluent with the ice-fields of 
Ireland, England, and Scandinavia, and terminated as 
a great wall of ice, beyond the shores of the Outer 
Hebrides, in the deep waters of the Atlantic. 

4. The deposits of silt, clay, sand and gravel, with 
land-plants and mammalian remains, and occasionally 
with marine shells, all of Avhich beds are intercalated 
in the till, clearly show that the intense arctic cold 
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which covered the country with an ice-shcet was in- 
terrupted, not once only, but several times, by long 
continuous ages of milder conditions. Some of these 
periods may have been warmer than others, just as 
some of the glacial periods may have been colder. 
The sea-shells, got in one place at a height of 512 ft. 
in an intercalated bed, indicate that there was at least 
one period of considerable depression during the 
accumulation of the Lower Drift. 

5. So far as direct evidence goes, we cannot say 
that any one of the inter-glacial periods was cha- 
racterized by a warmer climate than is now enjoyed in 
the forest regions of high latitudes in America. 

6. Considering the sorely wasted appearance of the 
inter-glacial deposits, and keeping in view the nature 
of the conditions under which they have been pre- 
served, it would be rash to conclude that they contain 
a complete record of the changes which ensued during 
inter-glacial times, or that we are entitled to argue, 
from the few fossils yielded by them, that the climate 
of the inter-glacial periods was never positively warm. 

7. The boiilder-clay, which occurs only at low 
levels, and in maritime districts, was laid down 
during the final recession of the great ice-sheets. It 
indicates a time when the ice had greatly diminished 
in thickness and extent, but was still broad enough to 
cover all the Lowlands. As the ice melted away, the 
sea occupied its place, following its retreating foot- 
steps. But after a submergence of 200 or 260 ft. had 
been attained the glaciers ceased to reach the sea and 
began to deposit their moraines upon the land. 
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Perched blocks and erratics were stranded on the 
mountain-slopes and on the lowland hills at ever- 
decreasing levels as the icc drew back. 

8. The sand-and-gravel drift overlying the till and 
boTilder-clay was carried down from the melting 
glaciers, and deposited upon the low-grounds. These 
deposits, therefore, indicate the farther retreat of the 
ice, and the amelioration of the climate. It was 
during this period that the greatest erosion of the 
older glacial deposits ensued ; the large rivers then 
occupying the valleys not only swept down the 
morainic matter which marked the retreat of the 
local glaciers, but ploughed into the till and boulder- 
clay, and scoured these deposits out of the vaUeys. 

9. The country at length became submerged to a 
depth in the south-east and west midland districts of 
probably as much as 1,100 or 1,280 ft. Whether this 
great submergence extended over all Scotland we can- 
not yet say. The river deposits of the Lowlands were 
now partially re-assorted, or top-dressed, as it were, 
by the action of the sea. As the submergence ap- 
proached its climax the temperature became colder ; 
ice-rafts floated about, and dropped boulders over the 
sea-bottom ; these are now found lying on the slopes 
of the re-assorted gravels, and enclosed in stratified 
clays, the character of the shells in which prove the 
climate to have been severe. 

10. The sands and clays, with arctic shells, &c., 
were deposited while the land was being gradually 
upheaved. 

11. Considerable local glaciers existed at that time. 


A A 
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and heavy rivers flowed down some of the highland 
glens, sweeping along sand and gravel to the sea, 
where they eventually settled down upon the clay 
that contained arctic shells. 

12. The land continued to ho upheaved, and several 
pauses in the movement of elevation were marked by 
the formation of what are termed raised beaches. 
With the exeeption of those at the lower levels, all 
the raised beaches belong to the glacial epoch. 

13. Britain became continental by the conversion 
of the German Ocean into dry land. At flrst, pro- 
bably, bare and treeless, it eventually passed into the 
condition of a great forest-land. The climate was 
continental, and the fauna temperate and cold-tem- 
perate. Men who used polished stone implements 
then lived in Scotland. 

14. Siibmergcnce once more ensued. The destruc- 
tion of the forest-lands and the increase of peat-mosses 
dated its commencement from this period. Climate 
insular, but colder than at present. 

15. Final re-elevation and formation of the low- 
level raised beaches 

10. The present. 



CHAPTEE XXV. 

GLACIAL DEPOSITS OP ENGLAND AND IRELAND. 

Necessity of comparing deposits of di£F(‘rent eoun trios. — Glaciation of moun- 
tain districts of England and Wales. — Till, its character. — ^Direction of 
ice-flow in tho north-west districts. — Lower houldor-clay of Lancashire, 
Cheshire, &c. — Middle sand and gravel. — Upper houldor-clay. — River 
gravels. — Morainic debris. — Succession of changes. — Lower, middle, and 
upper glacial series of East Anglia. — Iiish glacial deposits. — Till. — 
Morainic debris. — Lower boulder-clay, middle gravels, &c. — Upper 
boulder-clay. — Eskers. — Erratics. — Sand-hills. — Marino shells at high 
levels. 

^0 one who shall endeavour to trace the origin and 
history of the drift acciunulations within any 
particular area need hoi )0 to do so satisfactorily with- 
out continual reference to tho superficial phenomena 
of contiguous regions. Individual sections, however 
clear and apparently consecutive they may be, yet do 
not contain aU the truth ; and it would be ridiculous 
to suppose that the drifts of any limited locality 
tell one everything that he might hope to learn 
of tho physical history of the Great Ice Age. Two 
observers who should restrict their examinations, 
the one to a mountainous district, the other to low- 
lying tracts at a distance from the hills, would be 
sure to form very different ideas of what the glacial 
epoch really was. One might be all for glaciers — 
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the other all for icebergs. The earlier students of the 
Scottish glacial deposits held that the whole island 
had been swept from north-west to south-east by an 
ice-laden ocean current, and they pointed triumph- 
antly to the direction followed by the rock-striations 
and the till in the great midland valley as conclusive 
proof of their theory. But had they been as well 
acquainted with the Southern Uplands and the 
Northern Highlands as they were with the low- 
grounds of the Lothians, this iceberg theory would 
probably never have been advanced. It is only 
when the geologist has gone over a sutRciently largo 
tract of coimtry and studied its superficial accumula- 
tions at all levels, in lowlands and mountains alike, 
that he can safely generalise. He will not, however, 
fuUy appreciate the results obtained if ho ventures 
to ignore what other workers are doing elsewhere 
in the same field of inquiry. When he compares 
his own conclusions with those of others, he will 
often find reason to hesitate and proceed with 
caution, where, previously, he may not have per- 
ceived any difficulty. On the other hand he will 
not infrequently have his own inferences strengthened, 
and hero and there catch a hint that may enable him 
to see newer and deeper meanings in his facts than 
he had any idea of before. Certain it is that wo 
shall never acquire a proper knowledge of the 
physical changes that supervened during the glacial 
age, until the records of that age have all been 
correlated and compared. But what a vast amount 
of work remains to be done before this can be 
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adequately accomplished ! Nevertheless some approxi- 
mation towards it can he, ought to be, indeed, at- 
tempted. A great deal has already been learned. 
The general succession of events that marked the 
progress of the Great Ice Age in widely-separated 
countries has been more or less clearly made out, 
and it becomes, therefore, a matter of importance to 
inquire how far the conclusions so arrived at har- 
monize with each other. If they shall be found 
to tally as closely as could have been expected, 
we shall have so far a guarantee of their accmucy, 
and be enabled, as we shall afterwards see, to form 
some definite opinion as to the succession of changes 
that followed upon the close of the glacial epoch. 
In this and succeeding chapters, then, I shall attempt, 
with what success I may, to compare the results 
obtained in Scotland with the conclusions arrived 
at by English, Irish, and foreign geologists. 

So long as the observer confines his attention to 
the mountainous districts of England, he will ex- 
perience no diflftculty in detecting the traces of 
former extensive glacial action. He will find both 
in Wales and the Lake district, that the mountains 
frequently show that peculiar flowing and rounded 
contour which is so characteristic a feature of ground 
over which land-ice has passed. In the valleys he 
will see polished and striated siufaccs of rock, and 
heaps of morainic deposits; and the presence of 
numerous true rock-basins will farther conspire to 
assure him that the influences under which Scotland 
assumed much of its most characteristic scenery, 
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have also had no small share in designing, or at all 
events in adding some of the latest and finest 
touches to, that beautiful picture of hill and dale and 
lake that so charms one in Cumbria and Wales. 

But when we leave the hilly districts and begin 
to traverse the broadly undulating low-grounds, the 
evidences of old ice-action become obscure and hard 
to read. And our difficulties increase the farther 
we recede from the mountains. The tough and 
firm rocks of Cumbria and Wales are replaced as 
we travel outwards from these centres by rocks less 
capable of retahiing any ice-markings which may 
at one time have been graved upon them. Add 
to this the groat thickness of superficial materials, 
underneath which the strata in the low-grounds 
are frequently buried, and the confused and intricate 
appearance often presented by these drifts, and it 
will be admitted that the geologist who sets for 
himself the task of unravelling the evidence, so as 
to educe a clear and consecutive story, has no easy 
work to accomplish. Not the least perplexing part 
of his task will consist in attempting to discover the 
meaning of the terminology employed by different 
observers. Similar deposits he wiU find are known 
imder different names ; while imdcr one and the 
same designation accumulations are described which 
are certainly not the same, but in some cases as 
wide apart as they could well be. 

The English glacial deposits are typically developed 
in two regions: 1st, in the region of Wales and 
the north-western counties ; and 2nd, in East Anglia. 



GLACIAL DEPOSITS OF ENGLAND. 


359 


It will be most convenient to treat of these two 
districts separately. My limits, however, will not 
allow me to do more than trace the general suc- 
cession established or in process of being established 
by English geologists. For convenience’ sake I take 
jSrst the north-western district. 

The oldest deposit which has yet been recognised 
in this part of England, is a more or less tough 
stony clay that answers precisely to the Scottish 
till. It is quite uustratified, ssive here and there 
where the included stones show a rude kind of 
aiTangement, similar to that which I have described 
as occasionally visible in the till of Scotland. Like 
the latter it also contains in places thin irregular 
seams and amorphous patches of earthy sand and 
gravel, while its colour varies according to the 
district in wliich it is found. Thus it may be 
yellowish brown, grey, dark blue, or red — ^the colour 
evidently dejionding upon that of the rocks from the 
degradation of which it has been derived. So far 
as yet known it would appear to be unfossiliferous. 
The stones are angular, blunted, striated, smoothed and 
polished — the more compact and finest-grained rocks 
receiving the best dressing. Moreover they are 
scratched most markedly in the line of their longest 
diameter — irregular-shaped stones not being striated 
in any one direction more than another. In these 
and other items this tiU tallies precisely with that 
of Scotland. 

It rests usually upon a smoothed and striated 
pavement of rock, but sometimes the strata are bent 
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over, crushed, and broken underneath, and tbeir 
fragments commingled with the till.* 

An examination of the roek-striations proves con- 
clusively that from all the valleys of Wales and the 
Lake district, there formerly issued great streams of 
ice, “vrliich coalesced to form one gigantic confluent 
glacier. Mr. Tiddeman has shoAvn f that the general 
trend of this ice-sheet in North Lancashire and 
adjacent parts of Yorkshire and Westmoreland, ■was 
to-wards the south or south-south-east, across deep 
valleys and over hills of considerable elevation. And 
he justly infers from this fact that some barrier existed 
in the Irish Sea which prevented it following the 
natural slope of the ground towards the south-west. 
This barrier was the ice deriving from the Lake 
mountains. Hut if so, then some other barrier 
must have ponded back the latter also ; for had not 
such a barrier existed, the glaciers of Westmoreland 
and Cumberland would have found for themselves a 
more direct route to the sea than they appear to 
have done. The cause of this deflection was un- 
doubtedly the presence of the massive ice-sheet that 

♦ While these pages are passing through the press Mr. J. C. Ward’s paper 
on “ The Glaeiiition ot the Northern Pujl of the Lake District” {Quart. Jour. 
GeoL Soc., 1873, p. 422), has come to hand. He describes the till of that 
district as a “stiff clay stuck full of smoothed and scratched stones and 
boulders, and unstratitied. It occurs eveiy here and there in small patches 
among the mountains, in rock-sheltered spots, and may frequently be seen 
in the valleys, either by itself or underlying a moie gravelly deposit.” This 
latter he describes as consisting of “ subangular gravel (very rarely con- 
taining bods of sand) in a clayey matrix, with large boulders in and upon it. 

It sometimes passes down into the till, and either forms sloping plateaux 
running up the valleys (as the till alone sometimes does) or wide spreads 
of a more or less moundy appearance.” This deposit appears to be degraded 
terminal moraine matter. See infra, p. 361. 

t Quart, Jour. Geol. Soc.j vol. xxviii. p. 471. 
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streamed from the south of Scotland, and had suffi- 
cient power to deflect the ice creeping ' out from 
Ireland. Such being the case it is not surprising 
to learn that the Isle of Man and Anglesea afford 
evidence to show that the united glaciers or ice- 
sheet actually overflowed both these islands. 

At low levels the till is overlaid by another stony 
clay which, however, differs markedly fi’om the true 
till. According to Mr. Do Kance* it is a stiff 
reddish-brown clay, containing a vast quantity of 
packed stones and boulders that vary in size from 
fragments a quarter of an inch or so up to blocks 
measuring four yards across. At least 70 per cent., 
he says, arc striated, but many have been more 
or loss water-worn between the periods of scratching 
and deposition. The deposit shows mdo bedding, 
and contains such shells as Tellina halthica, Cardium 
edule, C. aculeatum., Psammolia ferroensis, Turritclla 
terehra, &c., and Mr. Do Banco informs me that 
he has also obtained spiculm of sponges. lie calcu- 
lates that 94 per cent, of the stones and boulders 
do not belong to the drainage-area in which any 
given section of the deposit appears; and he has 
not met with the clay at a gi’eater height than 60 
or 70 ft. above the sea. 

This boulder-clay, as it is termed, bears a strong 
resemblance to the Scottish accumulation of the 
same name. The percentage of “ stranger ” stones, 
however, is considerably greater than one finds in 
the latter. It was probably deposited, as Mr. De 

* Quart. Jour. Geol. Soc., vol. xxvi. p. 641, 
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Eance has suggested, along the seaward edge of 
the ice-sheet at a time when this was melting and 
slowly retreating inland. 

Above this boulder-clay come considerable depths 
of sand and gravel — 200 ft. in places. They arc 
well-bedded, and have been traced from near the 
sea-level up to heights of 1,200 ft. (Macclesfield), 
and even of 1,390 ft. (Mod Tryfan). As the 
boulder-clay does not rise more than 70 ft. above 
the sea, it is evident that the sand and gravel bods 
must overlap that deposit, llere and there they 
have yielded marine shells, many of which are still 
living in British seas, but upon the whole the 
fossils indicate colder conditions than now [obtain 
in the Irish Sea ; conditions, however, which were 
very far from approaching those of which the 
Scottish shelly clays are memorials. 

Eesting upon the marine sands* Ave find yet 
another clay. This deposit which is known as the 
upper boulder-clay, hardly deserves the name. Ac- 
cording to Mr. Mackintosh f its prevailiug colour 
is “red, with grey or blue partings.” It contains, 
he says, “rather few stones, and exceedingly few 
large boulders.” In the places where I have myself 
seen it, it seemed to me to resemble some of the 
glacial brick-clays of Scotland. The stones were 
scattered sparsely through the deposit, and never 
appeared so closely aggregated as in true boulder- 
clay. A further similarity betw een it and the Clyde 

♦ Mr. Hull was the fiist to point out tin’s succession , see Mtmoita of the 
Literaty uud VhUoaophual SonUy of MamhiUi) ^ 1865, p. 449. 

+ Geoloyical Magazine^ vol. ix p, 190. 
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beds consists in the presence of marine shells of 
northern and arctic types. 

Here then we have clear and decisive evidence of a 
change of climate. During the deposition of the 
sands and gravels little or no ice floated about, but 
at the time the overlying brick-clay (upper boulder- 
clay) was being accumulated, coast-ice kept forming, 
and ever and anon breaking off from the shore with 
stones which it scattered over the sea-bottom as it 
floated away. To what extent the north of England 
was submerged at this time would appear to be 
somewhat uncertain. According to Mr. Mackintosh, 
the upper clay “seldom rises higher than 400 or 
500 ft. above the sea.” 

Considerable aecumulations of flmdatile gravel occur 
in the valleys, often at great heights above the present 
rivers. This gravel, when traced up stream, becomes 
coarser and earthier, and not a few of the stones even 
show faint traees of stria;. As wo follow it still 
farther into the mountains, it a 2 )pears to 2 )ass into, or 
at least it cannot be distinguished from, moraine 
debris. Opposite the months of some of the mountain 
valleys, great deposits of hummocky angular and sub- 
angular gravel make their appearance, but elongated 
ridges of gravel and sand, like the more marked 
kames of Scotland, arc either absent or of uncommon 
occurrence. 

Lastly, I would refer to the immense quantities of 
moraine matter, and the numerous hlocs perches* 

* These erratics have travelled outwards from the mountains in proeisoly 
the same direction as that followed by the great glaciers ; novoitheloss, many 
geologists consider them to have been carried by ice-rafts and not by glaciers 
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whicli are found in almost every valley in the Lake 
district and in Wales. This angular earthy d6bris 
hangs on all the hill-slopes, and gathers on all the 
bottoms of the valleys. Towards their upper reaches 
it often takes the form of low mounds and ridges — 
the lateral and tominal moraines of small local 
glaciers. But the terminal moraines of the great 
glaciers that ground out the rock-basins of such lakes 
as Llanbcris, Coniston, and Ulleswater, and which 
must, at one time, have cumbered the valleys just 
below the lakes, have disappeared. 

I have shown that in Scotland much of the moraine 
matter that occupies the mountain valleys cannot be 
referred to the latest period of local glaciers. The 
terminal moraines of the last glaciers are restricted to 
the higher mountain valleys, and even in many cases 
to the upper reaches of these ; but much further 
down the valleys, and at levels on the hill-slopes 
which the glaciers of the last cold period never 
attained, great masses of true moraine matter exist. 
To what age do these masses belong ? Certainly not 
to the period of the till, nor yet to that of the boulder- 
clay, but, as I have tried to make clear, to the great 
recession of the ice-sheet that followed upon the 
deposition of the boulder-clay — ^to a time when the ice 
had shrunk back from the sea into the mountain- valleys 
where it existed as a series of gigantic local glaciers. 

Such are the kind of glaciers which Eamsay de- 
scribes as having occupied the valleys of Wales* 

• Quatt. Jou7, GeoL jSoc., 1851. See also The Old Glaciers of Switzerland 
andNoith Wales, 
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before the great submergence, and glaciers of a like 
extent are reqTiired to explain the phenomena of 
the lovr-level morainic gravels of the Lake district, 
which appear to be the direct successors in time of 
the lower bouldcr-clay of the districts of Lancashire 
and North Wales. This, in other words, implies that 
the ice-sheet crept gradually back from the sea, until, 
at last, its moraines began to be deposited upon the 
land. It then broke up into separate glaciers which 
filled all the mountain valleys, and from which, 
especially in summer-time, great rivers carried down 
to the low-grounds vast heaps of gravel and sand. 
How tar these local glaciers receded we cannot tell. 
For alight that one can say they may have vanished 
altogether. Neither is there any evidence from tliis 
part of England that would indicate even approxi- 
mately the extent of the land at that time. All that 
we know for certain, is, that the sea did not follow 
the steps of the retreating ice to the mountain 
valleys. When submergence at last ensued, the 
climate had greatly ameliorated, and the neighbouring 
sea was tenanted by a fauna closely approximating 
to that which at present characterizes the northern 
coasts of Britain. Currents and waves now redistri- 
buted the sand and gravel which the glacial rivers 
had carried down, and as the land continued to sink, 
the sea entered the mountain valleys and began to 
sift and remodel the coarse moraine drift which the 
glaciers had left behind them on their retreat. But, 
as the submergence approached its climax, another 
change of climate ensued. Snow again gathered on 
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the hills and deepened in the valleys. Slowly the 
land rose out of the water. Glaciers appeared in 
some of the larger valleys, and streams and rivers, 
laden with fine silt, swept downwards to the sea. 
Thus, in process of time, a deposit of mud and clay 
accmnulated upon the sea-bottom, and covered up 
those sands and gravels which marked the prevalence 
of milder conditions in the preceding period. Coast- 
ice, too, floated about, and ever and anon showered 
angular debris and boulders over the bed of the sea 
where the fine silt was accumulating. Such, in few 
words, appears to be the succession of changes 
revealed by the glacial and inter-glacial deposits of 
Wales and the north-west of England. 

When we pass to the other side of the country, we 
find, in like manner, several stony clays and inter- 
vening beds of sand and gi-avcl. Erom this circum- 
stance some geologists have surmised that the East 
Anglian boulder-clays and associated beds are the 
precise equivalents of those of Lancashire and North 
Wales. There are certain facts, however, which, as 
Mr. S. Y. Wood, jun., has pointed out, render this 
extremely improbable, if, indeed, they do not disprove 
it altogether. 

But, before quoting what Mr.‘ Wood has to say 
upon this interesting subject, I may first give a short 
outline-sketch of the deposits met with in the eastern 
part of England, arranging them in their order as 
ascertained by Mr. Wood and his associates the Bev. 
J. L. Borne and Mr. F. W. Haxmer. 

Along the cliffs of the Norfolk coast at and near 
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Cromer, magnificent sections of drift deposits are 
exposed. These have been long famous among geolo- 
gists, and must ever be looked upon with interest, 
inasmuch as we obtain from them the only reliable 
evidence as to the kinds of plants and animals that 
clothed and peopled Britain in the old pre-glacial 
ages. 

The cliffs show the following succession, beginning 
at the top ; — 

7. Sand and rolled gravel. 

6. Contorted drift, with masses of marl and chalk. 

5. llonlder-clay with erratics. 

4. Laminated blue clay. 

3. Flnvio-marine sand and clay. 

2. Foiest-b(‘d. 

1. S.'ind, gravel and loam (Norwich Crag). 

Chalk. 

The beds marked 1 contain a mingling of land and 
fresh-water shells along with many marine species, 
and bones of extinct mammalia. They thus indicate 
fluvio-marine conditions, having been laid down at or 
near the place where a river entered the sea. It is 
remarkable that, while all the land and fresh-water 
shells belong to still living species, 18 out of 124 
of the marine mollusea are extinct. Another point 
of interest consists in the fact that, among the fossils 
a number of northern forms occur. This Norwich 
Crag, as it is termed, thus points to the gradual 
approach of cold conditions, but it is in deposits of 
still earlier age that we are to look for the first hint 
of what was afterwards to transpire in Britain. 

On top of the Norwich Crag comes what is called 
the forest-bed. This consists of a mass of vegetable 
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matter, showing stumps of trees standing erect, with 
their roots penetrating an ancient soil. Associated 
with this old forest, for such undoubtedly it is, occur 
the remains of many extinct species of mammalia, 
commingled with others that are still living, and some 
of which arc even now indigenous to Britain. Of 
those aniTTinls may bo mentioned the hippopotamus, 
three species of elephant including the mammoth, 
two species of rhinoceros, bear, horse, Irish deer 
and several other species of doer, beaver, wolf, &e. 

The forest-bed is overlaid with alternations of 
fresh-water and marine deposits, showing that the 
conditions which obtained before the trees began to 
grow had returned. The accumulations next in 
order point to a still further depression of the land ; 
but to what extent we cannot say. We have every 
reason to believe, hoAvever, that the submergence was 
accompanied by increasing cold climatal conditions. 
Glaciers must at that time have occupied the high- 
grounds of Britain, and even covered large areas of 
the low country, pushing out to sea and covering the 
bottom with stones and mud. At the same time, 
large bergs and ice-rafts, launched from the shores of 
Scandinavia, sailed across the North Sea, and dropped 
their boulders over what is now dry land. The 
contorted drift points to the continuance of similar 
conditions. The presence of sea-shells assures us that 
this deposit must be of marine origin. Moreover, it 
contains occasional large masses of marl which have 
evidently been dropped into their present position by 
floating ice. One of these masses, Mr. Wood tells us. 
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is no less than 800 ft. and upwards in length, and 60 
in height, and it is obvious, as he observes, that, “ to 
float a berg adequate to such a marl-freight as this, 
many hundred feet of water are necessary.”* The 
contortions may well owe their origin to the running 
aground of such huge islands of ice. 

The bods now referred to, form what Mr. Wood 
terms the Lower Glacial series. It will be observed 
that the contorted drift is covered with sand and 
gravel. These are part of a groat series of sand and 
gravel beds of marine origin, which Mr. Wood 
designates the Middle Glacial. They are clearly of 
younger age than the deposits just described, as is 
proved by their position, and also, as it would seem, 
by their fossil contents. The shells which they have 
yielded exhibit a preponderating southern aspect, 
and a greatly milder condition of climate than 
obtained during the deposition of the underlying 
contorted drift. 

According to the same geologist, the accumulation 
of the Middle Glacial sand and gravel was succeeded 
in time by the deposition of a great thickness of stony 
or boulder-clays, which he distinguishes as follows 
(beginning with the oldest) : — 

The g^at chalky houlder-clay. 

The purple boulder-clay with chalk, which paases up into 

The purple boulder-clay of Yorkshire, without ohalk. 

These boulder-clays constitute Mr. Wood’s Upper 
Glacial series. He believes them to have been 
formed, for the most part, imdemeath a great sheet 

* Geological Magazine^ vol. viii. p. 409. 
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of ice, and gradually extruded upon the floor of the 
sea. That they were thus accumulated is sufficiently 
evident, indeed, from the fact that they have yielded 
sea-shells, which sometimes occur in a distinct layer 
or bed, as at Bridlington, underlaid and overlaid by 
boulder-clay. Hence the deposits would seem to be 
analogous in every respect to the lower boulder-clay 
of the north-west side of the countrj% and the boulder- 
clay of Scotland. The shells met with in this East 
Anglian Upper Glacial series, are of a decidedly 
northern type, and approximate in character to the 
shells obtained from the boulder-clays of Scotland 
and Lancashire.* 

Now, if we are to place any reliance at all upon the 
evidence derived from fossils, we must admit that Mr. 
Wood’s Middle and Lower Glacial series cannot 
possibly represent the middle sand and gravel and 
lower boulder-clay of Lancashire, nor can they be the 
eqidvalents of any portion of the shell-bearing clays 
of Scotland. The fossils belonging to the deposits in 

* I am aware that some English geologists consider these Bridlington beds 
to be older than any glacial deposits in Scotland ; the reason being tliat 
while five out of seventy species of shells obtained at Bridlington are not 
known as living, every one of the long list of shells from the Scotch till 
belongs to living species, and even to varieties which are still extant as 
inhabitants of the arctic regions, while about 60 per cent, are also Biitish 
forms” (Lyell’s Antiquity of Man^ p. 287). Here the mistake is made of 
confounding the till with the fossiliferous clays which overlie it. I would 
reiterate that nearly all the Scotch shell-bearing beds belong to the very 
close of the glacial epoch ; only in one or two places have shells ever been 
obtained with certainty from a bed in the tnie till of Scotland. They occur 
here and there in houlder-clay, and underneath houlder-clay in maritime dis- 
tricts, but this clay, as I have shown, is more recent than the till — in fact, 
rests upon its eroded surface. Moreover, the five species of apparently 
extinct shells that 0 (‘cur at Bridlington may yet be dredged up, as so many 
■hells hitherto supposed to be extinct have already been within these few 
yean. 
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txie north-west of England and in Scotland have a 
decidedly northern aspect — ^that is to say, the more 
characteristic and typical shells belong to species 
which are even now living in the adjacent seas or in 
more northern latitudes. On the other hand, the 
shells of the East Anglian Middle and Lower Glacial 
series have, as Mr. Wood has shown, a preponderating 
southern aspect — ^the great majority occur in the 
Norwich Crag, or, in other words, were denizens of 
our seas during pre-glacial times, and of these a 
number are either unknown now as living species, 
or as living nearer than the Pacific. The results 
obtained during the late deep-sea dredgings, should, 
of course, make us cautious as to deciding whether a 
species is extinct or not. It may eventually turn 
out that many, or even all, the shells obtained from 
the East Anglian deposits are really living in some 
hitherto unai)proached region of the seas. But even 
bearing this contingency in mind, it appears to me 
that we cannot but admit with Mr. Wood, that his 
Lower and Middle Glacial series are older than any of 
the shell-bearing and glacial deposits in other parts of 
Britain. 

To what part of the glacial scries of the north, 
then, do they belong? I think they may, with all 
safety, be coirelated with the true till and those 
fresh-water beds which are intercalated ■with that 
deposit. It is quite clear that no true till occurs in 
East Anglia, or, if it does, it has not yet been 
discovered. In Scotland, as I have shown, the till 
which underlies* the oldest of the shell-bearing 
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boulder-clays and briek-claj’^s, contains fluviatile and 
lacustiine beds, -with vegetable remains and bones of 
the extinct mammalia. These, then, I take to be the 
eqtiivalents of the Lower and Middle Glacial series of 
East Anglia. Nor is it difficult to understand why 
the English should bulk more than the Scottish 
deposits. The former are farther removed from 
the great centres of glaciation, and have escaped 
much of that grinding action of the old icc-sheets, 
under the influence of which the Scottish beds have 
been so extensively denuded. 

The beds which, according to Mr. Wood,* succeed 
in time his Upper Glacial series, consist, first, of marine 
gravels, mostly occun-ing on plateaxix and on hills. 
These indicate a time when the land was gradually 
emerging after the deposition of the Upper Glacial 
series. Then follow beds of gravel containing fresh- 
water shells, which are “ associated with a littoral 
marine fauna” — ^facts which show clearly enough that 
the elevation of the land continued. A still more 
recent deposit of clay (Hcssle clay), containing a few 
scattered stones and boulders, indicates from its posi- 
tion that the sea once more gained upon the land, but 
only to a very limited extent — not exceeding, perhaps, 
“ 3u0 or 400 ft. anywhere in Yorkshire, if indeed, it 
amounted to so much, and dying off to nothing towards 
southern Lincolnshire.” 

I will now add a few words about the Irish de- 
posits. 


* See Gfohffical Marjazine^ vol. vii. p. 19, where the reader will also find 
fn othPT DapeTS by Mr . Wood on the sanio subject. 
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No part of the British Islands exhibits better than 
the wilder parts of Ireland the extreme effects of gla- 
ciation. In the rugged western districts of Galway 
and Mayo especially, rounded and well-rubbed rocks 
and heaps of glacial deposits occur everywhere. The 
strife upon the rocks, and the direction in which the 
till has travelled, mark out clearly the path taken by 
the great sheet of ice which wrapped up Ireland even 
as it enveloped Scotland. 

The oldest glacial deposit recognised by the Irish 
geologists is a tough stony clay similar in aU respects 
to the Scottish till. This is the chief drift of the cen- 
tral plain of Ireland. It usually lies upon a smoothed 
and striated surface of rock, and the stones which it 
contains arc more or less blunted and well glaciated. 
Occasionally it contains nests or lenticular beds of 
sand and gravel, and sometimes of fine laminated clay. 
Not infrequently the deposit is airangcd in a series of 
broad parallel ridges and banks, the trend of which 
has been ascertained to coincide precisely with the 
direction taken by the old ice-flows.* 

Moraine debris occurs in great abundance in the 
hiUy tracts, covering the slopes and bottoms of the 
valleys, in the lower reaches of which it appears fre- 
quently to graduate into coarse gravels. 

In the north-eastern districts of Ireland it is in- 

* Soe this beautifully shown upon the map accompanying a paper On 
the General Glaciation of lar-Vonnaught and its neighbourhood^ &c., by Messrs. 
Einahan and M. H. Close. For detailed information on the In.'^h glacial 
deposits, the reader must consult the publications of the Geological Sur- 
vey, and papers by Messrs. Einahan and Close in the Dublin Quarterly 
Journal of bcicnce^ in which he will find references to other aulhoxities on 
the subject. 
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teresting to find a series of gravel and sand beds 
resting upon and covered by stony clay.* These 
intercalated beds contain a number of sea-shells 
belonging, for the most part, to species now living, 
but indicating somewhat colder conditions than obtain 
at present in the neighbouring seas. Professor Hull 
believes these beds to be the equivalents of the middle 
sand and gravel series of the north-west of England. 
He also correlates with the same beds certain gra^ els 
at Wexford, described by Professor Ilarkness as 
underlying a mass of boulder-clay. But an examina- 
tion of the fossils by Mr. A. Bcll,t seems to show 
that this correlation cannot be maintained, but that 
the Wexford beds belong most likely to some part of 
the older glacial series of East Anglia, as defined by 
Mr. Wood and his associates. 

The great elongated ridges of gravel called eskers, 
and the widespread deposits of similar materials which 
are met with so abundantly, especially in the central 
parts of Ireland, have long been famous. They are 
remarkable for being frequently dotted over with largo 
erratic blocks. 

On the sea-coast and in the interior of the country, 
sand-hills are very frequently found heaped up at or 
near the mouths of valleys. In the neighbourhood of 
the sea they form undulating dimes, which are con- 
tinually being influenced by the winds. Mr. Kinahan 
was, I believe, the first to point out their connection 
with the valleys. He tells us that they not only occur 

♦ Professor Harkness, vol. vi. p. 642; Professor Hull, 

op. ciU vol. viii. p. 294. 

f Geological Magazine^ vol. x. p. 447. 
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at or near the mouths of the valleys, but the greater 
and more extensive the valley, the greater, he says, is 
the accumulation of sand. He considers that the sand 
of which these hummocks consist was originally brought 
down by rivers at a time when glaciers occupied the 
valleys * — an inference which is largely supported by 
the appearance of similar phenomena in Scotland. The 
same author has described the occurrence under the till 
in Ireland of what he calls “ pre-glacial drift,” which 
occasionally contains the remains of trees.f 

Gravel beds with marine shells have been traced 
in Ireland up to a height of 1,235 ft. on Montpelier 
Hill.: 

The general succession of events during the glacial 
epoch would seem therefore to be closely analogous 
to those experienced in the north-west of England — 
viz. : — 

1st. A period of intense arctic cold, during which 
the whole island was wrapped in ice that coalesced 
with the mers de glace of England and Scotland. Under- 
neath this ice the land was highly glaciated, and the 
till was formed. The Wexford beds may indicate 
a genial inter-glacial period, like that of the middle 
glacial series of East Anglia. 

2nd. The shrinking back of the ice-sheet, and the 
stranding of hlocs perches and deposition of coarse 
moraine-matter in the mountain- valleys. At this time 
great bodies of water escaping from the melting gla- 

* Geological Magazine., vol. viii. p. \bo, 
t Dublin Quarterly Journal of Science., vol. vi. p. 249. 
i Explanation of Sheets 102 and 112 {Geological Survey Maps), p. 67. 
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ciers threw down large accumulations of sand at the 
mouths of the mountain- valleys. 

3rd. Submergence of the land; deposition of the 
middle sands and gravels of the north-cast ; heaping 
up of the eskers, and formation of the high-level 
marine terraces ; climate temperate. 

4th. Land rises, accompanied by arctic conditions 
of climate ; local glaciers, and much floating ice ; for- 
mation of so-called upper boulder-clay, and scattering 
of erratics over the low-grounds. 

The post-glacial alluvial deposits of Ireland and the 
north of England * have yielded similar results with 
those of Scotland. All that need be remarked about 
them, therefore, is simply this, that they indicate a 
gradual amelioration of climate from cold-temperate to 
the present temperate conditions. The land animals 
obtained in or below peat-mosses, &c., comprise the 
brown bear, the grisly bear, the Irish elk, the bison, 
bovidse of extinct species, horse, wolf, fox, beaver, 
hare, &c. And, just as in Scotland, the polished stone 
implements used by primeval tribes are everywhere 
scattered about both in England and Ireland — the 
latter country being especially rich in these interest- 
ing memorials of our lowly-civilised predecessors. 

* I discuss the age of the ancient river gravels with human implements 
and mammalian remains met with in south of England in chapters xxh., 
tt sqq. The deposits referred to above are those which can be clearly shown 
to be of post-glacial age, from their super-position upon accumulations be- 
longing to the close of tiie glacial epoch. As the ancient river-gravels in the 
south do not occupy this position, their age cannot be ascertained in so simple 
a manner, and, therefore, it is more convenient to treat of them separately. 



CHAPTER XXVI. 

SUPEKFIOIAL DEPOSITS OP SCANDINAVIA. 

Extensive glaciation of mountainous and northern regions throughout the 
northern hemisphere. — Glaciation of Norway, Sweden, and Finland. — 
Lower and upper till of Sweden. — Inter-glai ial fresh water deposits. — 
Till of Norway. — Asar — Erratics on asar. — Clays with marine arctic 
shells. — Contorted bedding, &c. — Post-glacial deposits with Baltic shells. 
— Moraines — Succession of changes. — Southern limits of glaciation in 
northern Europe. — The great northern drift. — Theories of the oiigin of 
the asar. — Sumrnaiy. 

jr the British Islands, which are now in the enjoy- 
ment of a mild-temperate climate, have beyond 
doubt experienced in ages that ai'e past the utmost 
severity of arctic and glacial conditions, it would only 
bo reasonable to infer that other regions of the northern 
hemisphere should give evidence of having likewise 
been at the same time characterized by a rigorous 
climate. It is, a priori, in the highest degree impro- 
bable that a great ice-sheet should have enveloped a 
large part of our country, while other areas situate in 
similar, or nearly similar, latitudes escaped. On the 
contrary, the observer who knew nothing whatever 
of the geological records of any country save his OAPn 
would be justified in believing that the evidence 
gathered in Britain alone is enough to convince one 
that during the intense cold of the glacial ejtoch the 
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temperature of the whole northern hemisphere must 
have been similarly affected. Geological investiga- 
tions have clearly shown that such was really the 
case. 

In Scandinavia and northern Europe generally the 
evidence in favour of arctic conditions having formerly 
prevailed is overwhelming. So likewise in Switzer- 
land the proofs of this are everywhere patent. But 
not only were the snow-fields and glaciers much larger 
at one time than now — ^they even existed in some 
moimtain districts which at present lie far below the 
limits of perpetual snow. In the Black Forest, the 
Yosges,* and the volcanic mountains of Auvergne, we 
find ancient moraines. The Pyrenees, whose puny 
glaciers are confined to the higher mountain-slopes, 
and do not now descend into the valleys, appear f at 
one time to have been covered with great snow-fields, 
from which large glaciers streamed outwards, and 
even in some cases debouched upon the plains. Old 
moraines now covered with vegetation, and roches 
moutonnees rising behind quiet villages, and occa- 
sionally crowned with some church or chapel, are 
familiar scenes in many of the valleys on the French 
side of the mountains. Along their southern slopes 
similar traces of ancient glacial action have been 
observed, especially in Galicia, by the late Casiano de 

♦ An excellent account of the old glaciers of the Vosges is given in 
Hogard’s Coup d'CEil sur le Terrain erratigms det Vosges, 1861 ; see also an 
interesting paper on the same subject by M. Ch. Grad, Bulletin de la 8ooi4ti 
geologique de France, Tom. i. (3 s^rie) p. 88. Professor Ramsay 'was the first 
to detect trace! of glacial action in the Black Forest. 

t “Glaciers actuel et P4riode glaciaire” (Martins), dc deux Moudes, 
1807. 
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Prado. Farther south, in the Sierra Guadarrama,* to 
the north of Madrid, the same geologist has detected 
evident marks of old glaciers, and described great 
deposits of loam, sand, and gravel which have been 
laid down by rivers escaping from masses of melting 
ice. Nay, even as far south as latitude 37° the former 
existence of glaciers in the Sierra Nevada has been 
proved by the researches of MM. Schimper and Col- 
lomb ; and so on with most, or perhaps all, the hillicr 
regions in Europe, great snow-fields existed where 
now there are none, and the present ones are merely 
the insignificant successors of mighty ice-sheets which 
have long since melted away. 

As we pass out of Europe wo arc met with the evi- 
dence of similar changes. The valleys of the Cau- 
casus once brimmed with ice ; f now the glaciers are 
comparatively small. Traces of glacial action have 
been noticed among the Atlas mountains, and the 
cedars of Lebanon, as Dr. Hooker J tells us, grow 
upon old moraines. The great glaciers of the Hima- 
laya have in past times attained gigantic propor- 
tions ; and in parts of Asia where there are now no 
glaciers at all, one may yet readily trace the marks of 
their former action. Thus in North China huge 
boulders are found scattered over the valleys, often at 
considerable distances from the mountains ;§ nor arc 

♦ Deseripcion fisica i geologxca de lu Provuicia de Madnd^ por Don Gasiano 
de Prado, p. 164, 

t Trtweh in the Central Caucasus and BashaUj by Douglas W. Freshfield. 

I Natural History Review^ January 1862. 

§ See Williamson’s Journeys in North China. Describing the country 
between Si-gnan and Toong-kwan (Shensi), the author says : — “ For many 
miles the country was like one continued splendid park, with knolls and 
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rock-basins wanting, especially in that rough undulat- 
ing country which is passed through on the route from 
the Great Wall to the Siberian frontier. 

In North America the evidence in favour of intense 
glacial conditions having formerly prevailed is over- 
whelming. From the shores of British Columbia f to 
the borders of the Atlantic, and from the coasts of the 
Arctic Ocean down to the latitude of New York, ice- 
marks are everywhere; while in mountain regions 
even farther south, as in the Sierra Nevada J of Cali- 
fornia, the morainic debris of great glaciers lies scat- 
tered over the lower reaches of the valleys. 

Having assured ourselves that a glacial or arctic 
climate did within comparatively recent times charac- 
terize a very large area of the noithcm heniisiAerc, it 
becomes a matter of no little interest and importance to 
inquire whether we can detect in foreign glacial deposits 
any proofs of that remarkable succession of changes 

lawiiB and winding leading round some huge fantastic boulder, which 

had descended fiom the mountains which lay contiguous on the south,” 
vol. i. p. 387. Again : “ We found the country (north-cast corner of Shang- 
Tung) strewn with huge boulders of various sizes, looking like so many 
cattle attest with elephants around them,” op, cU. p. 189. See also pp. 429, 
430, where the author describes conical hills and lidgcs crowned with huge 
boulderB. These were probably roches moutonnees, or moraines. 

* “ In all these instances the depressions are entirely in the solid rock, and 
vary in size fioiii a few yards to several thousand feet across. They have 
the appearance of having been produced by erosion, and not by sinking.” 
Richard Pumptlly, ** Geological researches in China, Mongolia, and Japan,” 
ISmithsoman ContribiUiona, 1866. 

f Quarterly Journal of the Geological Society (Bauermann), 1860, p. 202 ; 
see also American Journal of Science, vol. c. (1870), p. 318, where Dr. R. 
Brown shows that British Columbia, Vancouver’s Island, Washington Terri- 
tory, and the Queen Charlotte Islands, all exhibit fine rock-striations and 
scattered erratic blocks. Some American geologists had previously held the 
opinion that the glacial formation disappeared west of the Rocky Mountains. 

I For a lively account of 'that r< gion, see Clarence King’s Mountaineering 
in the Nevada, 
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which, as we have seen, may he traced in the drifts of 
our own country. With this view, I propose to give 
a short sketch of the glacial phenomena of the better- 
known regions — ^viz., Scandinavia, Switzerland, and 
North America. 

I have already had occasion to mention the great 
ice-sheet that envcloj>ed Scandinavia, and to point out 
that it in all pi'obability coalesced with that of Scot- 
land upon the floor of the German Ocean. No grander 
display of ice-action could one wish to see than that 
which the fiords and fiord- valleys of Norway present. 
The smoothed and mammillated mountain-slopes, the 
rounded islets that peer above the level of the sea 
like the backs of great whales, the glistening and 
highly-polished faces of rock that sweep right down 
into deep water, the great perched blocks, ranged like 
sentinels on jutting points and ledges, the huge 
mounds of morainic debris at the heads of the val- 
leys, and the wild disorder of crags and boiilders 
scattered over the former paths of the glaciers, com- 
bine to make a picture which no after amount of 
sight-seeing is likely to cause a geologist to forget. 
The whole country has been mordded and rubbed and 
polished by one immense sheet of ice, which could 
hardly have been less than G,000 or 7,000 ft. thick. 

The Gulf of Bothnia appears to have brimmed with 
ice, which pressed up against and even in some places 
overflowed the lofty Norwegian frontier, through the 
valleys of which it found its way into the North Sea.* 

* See Horb3»e’s Ohucrvatiouft sur Uh Phemmhm Erosion en KorvegCy where 
the itrue are i»dio jti*d ae (‘resAing the watershed between the two coun- 
tries. 
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Mr. Tomcbohm, of the Geological Survey of Sweden, 
informs me that the glacier-carried erratics of Jemt- 
land clearly show that the ice bus passed from east to 
west — ^that is, right against the slope of the land ; and, 
according to Keilhau, similar blocks which could only 
have come from Sweden are now found in Trondhjems- 
fiord. The most remarkable circumstance in connec- 
tion with some of these blocks consists in the fact that 
they occTir at a considerably greater height than the 
rock from which they have been derived. Thus at 
Areskutan, Tornebohm found blocks at a height of 
4,500 ft. which could not possibly have come from 
any place higher than 1,800 ft. 

How far south the Scandinavian ice-sheet extended 
we cannot tell. We know that it not only filled the 
Gulf of Bothnia, but occupied the whole area of the 

o 

Baltic Sea, overflowing the Aland Isles, Gottland, 
Gland, Bornholm, and Denmark, and passing south- 
east over Finland into Eussia, across Lake Onega, Lake 
Ladoga, and the Gulf of Finland.* [See map.] But its 
farthest limits have not been determined, and that for 
a very good reason, as we shall see presently. The 
direction of the glaciation in the extreme north of 
Scandinavia, the peninsula of Kola, and north-eastern 
Finland, demonstrates that the great mer de glace 
radiated outwards from the high-grounds of Norway 
and Sweden, flowing north and north-east into the 
Arctic Ocean and east into the White Sea, and thus 

* Professor NordenskjoW, Beitrag zur Kmtnisa der Schrainfnen in Finland^ 
Helsingfors, 1863; for direciiou of Norwegian glaciation, see Horbye’s work, 
op. eiU ; for that of Sweden, consult the maps of the GeologicAl Survey of 
that country. 
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clearly proving that northern Europe was not over- 
flowed by a vast ice-cap creeping outwards from the 
North Pole, as some geologists have supposed. 

The oldest of all the glacial deposits of Sweden is 
till, which, in a more or less continuous sheet, covers 
all the low-grounds. It usually lies upon a polished 
and striated surface of rock, hut occasionally thick 
beds of sand come between it and the underlying rock. 
It “ consists of two distinct layers, the lower of 



Fig. 60. — Tipper and lower till in railway cutting in Wermland. 
(A. E. Tornebohrn.) 


which is generally darker in colour, and contains 
fewer big stones than the upper. Both, however, 
have evidently been formed in the same way, and may 
be considered true moraines de fond. There is usually 
a sharp line of demarcation between them, and in 
some places the lower till has been partly broken up 
and denuded before the upper till was deposited.” * 
The Swedish geologists have no doubt whatever that 
these masses and sheets of till were formed and accu- 
mulated by land-ice, exactly in the same way as our own 
till. Moreover, the fact that their lower till exhibits 
such marked evidence of denudation underneath the 

♦ Mr. Tbmebohm, in a letter to the author. See On Changes of Climate 
during the Glacial Epochs p. 24. Hesaye: The till is often so hard and 
packed, that it is easier to break the stones that are in it than to dislodge 
them.”. 
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upper and overlying mass; “ seems to point out,” says 
Tomebohm, “ that during the glacial epoch there was 
a great interval of comparatively mild climate, during 
which the ieo retreated to the mountains ; the land, 
however, was not at this time submerged. When the 
ice-sheet once more overspread the country it would 
obliterate any fresh-water deposits that might have 
been laid down in the interval.” Traces of glacial 
fresh-water beds, however, are not wanting — Mr. 
Nathorst having detected these some years ago in 
Scania. The beds referred to contain plants which, 
according to Mr. Nathorst, indicate a climate as severe 
as that of northern Norway. More recently Mr. Holm- 
strom has described similar deposits as occurring at 
KlSgerup, in Scania, in the following descending 
series : — 

Yellow till. 

Brown sand and ) ellow glacial fresh-water clay. 

Grey marly sand. 

Blue glacial fresh- water clay. 

Blue till. 

The fresh- water clays have yielded — Ist. (Shells) Pt’st- 
dium pulchellum (Jen.); P. ohtusa (Pfeiff); P. Hm- 
slowimum {3ca..) ; Amdonta anatina ; Limncea lagotis 
(Schr.) ; 2nd. (Plants) Dryas octopetala, Betula nana. 
From these facts Mr. Helmstrdm considers that he has 
evidence of an inter-glacial period. He says the lower 
blue till is very thick, and extends almost continuously 
over the whole country. It points, as he thinks, to 
the former existence of an extensive mer de glace 
which covered the whole land, destroying all life. The 
shells and plants found in the fresh-water clays must 
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therefore, according to him, have come in from the 
south when the ice retired. Then afterwards, at a 
later period, some local glaciers crept down from the 
great mass of ice that still lingered in the north, 
covering with morainic matter the fresh-water claj’s 
which, during the interval, had accumulated in pools 
upon the surface of the older till.* 

In Norway a deposit of till also occurs ; it does not, 
however, cover so wide an area as in Sweden, but 
appears often of considerable thiekness in sheltered 
places, as on the lee-side of erags and rocky knoUs.f 
Eesting sometimes on till, but oftener, perhaps, upon 
solid rock, appear certain great natural embankments, 
or long winding ridges, which are known in Sweden 
as S,sar.| They generally rise abruptly to a height 
that may vary from 50 to 100 ft, above the average 
surface of the ground. Sometimes, however, they 
roach as much as 180 ft., while now and again they 
sink to 30 or 20 ft., or even disappear altogether 
below newer deposits. Their sides have an inclina- 
tion of from 15* to 20°, but occasionally as much as 
25° or even 30°, and the tAvo declivities very rarely 
slope at the same ang]e.§ 

* Ofversigt af bildiiingar fran och ofter istiden vid Klagerup i Malmohua 
Ian; af L. Holms t rum ; 0/r. af K. ret.~Akad. Fork* 1873, No. 1. I am 
indebted to Mi\ Toinobohm for calling my attention to these interesting 
observations ; the same obliging correspondent informs me that Mr. Nathorst, 
who was the first to detect traces of glacial fresh- water clays in Sweden, will 
shortly publish an account of further observations made by him. For an 
interesting account of stratified beds, underlying and intercalated with 
Swedish till, see a paper by E. Erdmann, Geologiska Foreningeus i StorJcholm 
Forhandhugar^ Bd. i. p. 210. 

t lagttageher over den postpUoeene eller glaciaU Formation y af Sars og Kjerulf. 

+ As singular, asar plural ; similar ridges in Norway are teimed Ra$r. 

§ Flxpose des Formations quaternaires d€ la Sa^dCy par A. Erdmann, pp. 40, 61. 
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Often beginning in the interior of the country, the 
asar follow the valleys down to the loAv coast-land, 
across which they pass as well-defined ridges out to 
sea, after a course of not infrequently more than a 
hundred English miles.* In the mode of their dis- 
tribution they show a striking reserablanco to river 



Fig. 61. — Map of Asar in basin of Malar Lake. 


courses, as will be seen from the accompanying sketch- 
map, on which the black lines represent the fisar.f 

* Erdmann mentions as examples, Upsala as, which is about 200 kilometres 
in length ; Koping &b, very nearly 240 kilometres ; Enkoping 300 to 340 
kilometres ; Badelunda as, about 300 kilometres. Oj). et(. p. 44. 

t The map is from a paper by A. E. Tomobohm in Geologislca Foreningmn 
i Stoclhohn Forhy Band I. No. 4, and is meant to illustrate an ingenious theory 
advancud by that geologist in explanation of the asar. See p. 392. 
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At greater heights than 300 ft. above the sea these 
remarkable ridges are, as a general rule, confined to 
the valleys, hut at lower levels they seem to be toler- 
ably independent of the present eonfiguration of the 
ground. They are met with at all levels up to and 
beyond 1,000 ft.* The materials of whieh they are 
composed may consist cither of coarse shingle, or of 
pebbly gravel, or of sand, or it may be made up of all 
three. In some parts of a ridge shingle and gravel pre- 
dominate, in others sand is the principal ingredient. 
In one place the stratification vdll be distinct, in other 
places obscure, and not infrequently false-bedding 
appears. 

In many respects then the asar seem analogous to 
the British e^kers and kames. These deposits have 
yet another character in common — they are unfossili- 
ferous. For, as we shall see immediately, the shells 
which have been described as occurring in the asar, 
do not properly belong to them.' 

Erratic blocks are frequently found perched upon 
the top of an as, or plentifully sprinkled along its 
sides, and sometimes also they occur in the interior, 
especially towards the top, or at the base. 

A fine glacial clay containing arctic shells f often 
covers the slopes of the asar. The same clay also 
forms deposits of considerable thickness, especially on 
the low-grounds upon the borders of the Baltic and 

* The highest mentioned by Eidmann occurs at Herjeadal, between 1,300 
and 1,400 it. above the sea, but Mr. Tornebohm informs me that in the 
mountain-valleys of the norlh they go up to elevations of over 2,000 ft. 

t The shells belong to such genera as YoMta, Saxteava, Leda, Cypniia, 
Area, I^atica, Astat tc, Lc. 



388 


THE GREAT ICE AGE. 


the North Sea. Traced inland it gradually gives 
place to sand and gravel. Here and there immense 
accumulations of shells of northern and arctic species* 
flank the hill-slopes, and have keen dug for making 
lime and other purposes, just as we in this country 
quarry chalk or limestone. At the hill of Capell- 
backen, netir Uddevalla (207 ft. above the sea), they 
were energetically digging the shells in Linnaeus’s 
time, and the same heap is being quarried now. 

Frequently the shelly clays exhibit disturbed and 
contorted bedding, and th('y often contain large 
erratics. The greatest height at which shell-bearing 
beds have been obtained is some 600 ft. above the sea, 
but Erdmann seems to have no doubt that marine 
strata go up very much higher — ^to 700, 800, and 
even 1,000 ft. and more. 

The beds next in succession consist of marl, clay, 
sand and gravel. They contain numerous shells of 
Baltic species, and large erratics often rest upon 
them. 

In the interior of the country well-marked moraines 
are not very common. Some tine examples, however, 
are occasionally met with. Thus the southern part of 
Lake Wener is crossed by three parallel terminal 
moraines.f Moraines also occur in the mountain 
valleys of Sweden, and arc well marked in those of 
Norway. J 

* The highest of these great shell-banks is that at Gustafsfors, near Westri 
Silen Lake, 600 ft. above the sea. {The Km odish loot is Jth less than the 
English.) 

t Ml Tomebohm is my authoiity. 

I See the paper by Sara and Kjerulf already rited. 
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The annexed diagram shows the nintual relations of 
the Swedish deposits, and will help 
to make the preceding notes more >73 
intelligible. 

The succession of changes thus 
indicated would appear to be as 
follows : — 

1. Period of intense arctic cold, 

with a vast mer do glac(! 
covering the country (lower 
till). 

2. Intervening period of milder 

conditions, when the ice- 
shoot drew back to the 
mountains. 

3. Keturn of the ioc-shcot 

(upper till). 

4. Retreat of the ice-sheet ; 

stranding of blocs perches ; 
great rivers carrying down 
immense quantities of sand 
and gravel. 

5. Submergence of land, and 

shaping-out of the asar. 

6 . Deposition of fine clay ; cli- 

mate arctic ; abundance of 
floating ice. 

7. Gradual re-elevation of the 

land ; climate changing 
from arctic to temperate. 

How far south the Scandinavian ice-sheet extended 


S’ 
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has not been determined. When we pass beyond the 
limits of Scandinavia and Finland into the low- 
grounds of Northern Eussia and the great plains of 
Germany, wc encounter vast accumulations of sand 
and gravel dotted over with blocks and boulders, all 
of which have come from the north. Erratics from 
Finland and Lapland are widely scattered over Poland 
and Eussia, and fragments of rock broken from the 
mountains of Norway and Sweden strew the surface of 
Denmark, Holland, and Northern Goianany. Under- 
neath these deposits the solid ro(‘ks disappear, and we 
have, therefore, no means of ascertaining, with any 
approach to certainty, the extreme limits reached by 
the continental ice-sheet. It is by no means impro- 
bable, however, that it may have stretched nearly 
as far south as the gi’eat “ Northern Drift ” extends. 

In its general character this Noi-theni Drift very 
much resembles the remodelled drifts of the British 
Islands and Scandinavia — ^the eskers, kames, and Ssar. 
It often forms undulating hills and mounds, which 
bear on their tops and slopes largo boulders and 
angular erratics. Here and there in the neighbour- 
hood of the Baltic it is said to have yielded shells, but 
certainly the great bulk of the deposit is quite un- 
fossiliferous, and it is possible that these shells may 
belong to some more recent overlying formation ; just 
as the shells which were formerly believed to occur in 
the dsar, are now known to be of later date, and to lie 
in beds that rest upon these peculiar ridges. 

The general unfossiliferous character of the Northern 
Drift would be inexplicable if we could believe that 
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the, materials of which that drift is composed were 
deposited upon the bottom of what was once open sea. 
But for this supposition there are really no good 
grounds. We have seen that the materials of which 
the kames consist were laid doAvn by the swollen 
rivers that issued from the retreating ice-sheet. And 
although subsequent submergence brought those mate- 
rials under the influence of the sea, yet this only re- 
sulted in denuding and remodelling them here and 
there, while in many cases then’ original stratification 
remains undisturbed. In like manner the asar of 
Sweden are merely the denuded and partially re- 
arranged portions of old torrential gravel and sand, 
and morainic debris ; and that the great bulk of the 
Northen Drift of Eiu'opc has Imd a similar origin 
may safely be infc'rred. 

The remodollc'd as])ect of this drift, however, and 
the presence of the shells and perched erratics, proves 
that after the ice-sheet had retreated and left the 
ground covered with sand, gi’avel, and moraine matter, 
a process of submergence ensued. Diluvial sand and 
gravel were now everywhere subjected to the action 
of the sea. Large rafts of ice set sail from the un- 
submerged portions of Scandinavia, and dropped their 
burdens of stones and boulders over the sea-bottom. 
Step by step the land sank down, but to what extent 
the submergence reached is still a much-disputed 
question. Some Scandinavian geologists who main- 
tain that the dsar are banks heaped up by the sen, 
insist that the land sank to a depth sufficient to allow 
of the formation of the highest of these ridges. 
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which would give a depression of not less ^lan 
2,000 ft. Others, again, think the absence of shells 
from the §.sar is proof that these ridges cannot be of 
marine origin, and since sea-shells are nowhere 
foimd in Scandinavia at a greater height than 600 ft. 
above the sea, they would limit the depression to that 
amoimt. 

The whole question thus turns upon the origin of 
the asar. How were they formed ? It is difficult to 
see how otherwise than by the action of the sea, and 
yet at the same time it is hard to imderstand how sea- 
currents of any kind could form a series of long rami- 
fying banks like those shown upon the sketch-map. 
Quite recently Mr. A. E. Tomebohm advanced a 
theory on the subject which I may here briefly 
describe.* 

His belief is that the asar are ancient river-courses, 
and he makes pointed reference to their peculiar river- 
like ramifications. In those valleys which contain 
the asar detached patches of sand are sometimes found, 
perching high on the side slopes. These patches, 
according to him, are the wreck of a great deposit of 
sand, which at one time filled the valleys from side to 
side. While the valleys were still filled with this 
tliick bed of sand, rivers began to flow just as they 
now do, and cut their way down in the sand. The 
running water carried along with it coai'se sand and 
gravel, and deposited these on the beds of the rivers, 
which thus became paved with coarser materials. By- 
and-by this state of things changed — denudation set 


See foot-note, nnU^ p. 386. 
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to -work upon the whole deposit, and removed the fine 
sand, but had not power to carry away the coars? 
gravel which had filled up the old river-courses. This 
gravel, therefore, remained behind, and very fre- 
quently has protected a considerable thickness of 
underlying sand. The annexed woodcuts, which are 
taken from Tomebohm’s paper, will further illustrate 
his meaning. 




Fig. 53 shows the section of a valley i)artly filled 
with sand, s, in which is cut the river-bed, paved with 
coarse sand and graved, b. Fig. 54 represents the 
aspect of the valley after denudation has removed 
the greater portion of the sand, patches of which are 
seen at a, a. At the botiiom of the valley the river 
gravel rests upon some depth of sand, forming together 
an §,8, h. 

The close connection between the iisar of the valleys 
and those that strike across the low country, clearly 
shows that in both districts they must have been 
formed in the same way. As an example, Mr. Tome- 
bohm cites the asar that occur in the basin of the 
Malar Lake. (See the map, p. 38G.) To apply his 
explanation to the dsar of that region, it is necessary 
to suppose the Malar basin to have been filled up with 
sand and mud, through which the rivers, coming from 
the melting mcr de glace, cut .their way to the sea. 
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After the rivers had thus coursed across the broad 
deposits of sand which ai’c infcired to have covered so 
large a part of Sweden, a movement of subsidence 
ensued, the land sank doAra, and the Miilar basin 
became com'orted into a shallow sea. Dui'ing this 
depression the fine sand A\hi(*h Avas unprotected AA'as 
washed aAvay, and thus the asur were formed. It is 
diflScult, lioAVOV('r, to comprolK'iid hoAV such immense 
deposits of sand and clay could have been removed so 
completely, while, at the same time, the supposed 
riA’cr-beds were left intact ; for many of the asar are 
all but continuous throughout the AA’hole of their 
eoiu’se. Had this be('n their origin, surely one might 
have ex2)eeted to find these ridges iiioro frequently 
interrupted than is the case, and many miles of them 
often SAvejit UAA'ay.* Mr. Tornebolun, A\’ho is one of 
those AA’ho consider that the land Avas not submerged 
more than COO ft., is of coiu-st* comi)ellcd to assume 
that the asur above that h'vel oavc them origin to 
the action of rivers. And there can be no doubt, 
indeed, that streams floAving across a broad terrace 
Avill clear out holloAvs and lea\'e iutennediate banks 
or ridges of more or less prominence. There is 
great difficulty, howcAcr, in conceiving how stream 
action could so denude a terrace as to Icua'c nothing 
but a great central ridge extending for many miles 
along the course of a valley. 

Eobert Chambers, who examined some of the asar 

♦ Most of thorn, indeed, are more or loss intcrmpted with gaps, but theso 
aie not so wide as to make it a difficult matter to identify the different parts 
of the same ds. Badelunda as is, one might say, all but continuous tor a 
distance of more than 160 English miles. 
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many years ago,* at once recognised their strong 
similarity to our kames and eskers. And although 
it is quite true that a thing may be very like 
without actually being the same, still the points 
of resemblance between the Swedish and the Scottish 
and Irish ridges arc too many to be the result 
of pure accident. Besides, they occupy the same 
geological position; u2)ou the A^holc, therefore, I 
feel inclined to accept the marine theory first started 
by M. Ch. Martins,f and subsequently adopted 
by several Scandinavian geologists.;}: I am very far 
from denying, hoAvever, that we have still much to 
learn in regard to the mode in which the asar have 
been heaped uj) or carved out. The Avhole secret 
has not yet been discovered. 

But whatever may have been the precise origin 
of the iisar, of this there can be no doubt, that those 
at the lower level received their latest touches from 
the sea. The shell-beds that rest upon them, and 
the eiratics with which they are so 2)lentifully be- 
sprinkled, sufficiently attest the truth of this. 

From the fact that erratics are abundantly scattered 
over the tops and slopes of the asar in Sweden, and 
the diluvial sand of northern Europe generally, 
while they are comparatively seldom seen embedded 
in these deposits, we may perhaps infer that but 
little ice was floating about in European seas at 
the time these ridges and banks were being shaped 

* Tracings in the North of Europe 1^60 f p. 238, et passim; Edinburgh New 
Philosophical Jouirnal, 1853. 

t Bulletin dc la Soctete geolog ique de France^ 1845, 1846 

{ Erdmann, op, cii. p. 42. 



396 THE GREAT ICE AGE. 

out and heaped up. But after this process had 
been completed, or nearly so, a great dispersion 
of erratic blocks took place.* In further proof of 
such changed climatal conditions we get the glacial 
clays Avith their ai-ctie shells, contorted bedding, 
and erratics. Nevertheless there is no instance 
yet on record of shells that would indicate a 
temperate climate oeciuTiug in the usar underneath 
the glacial clays. Our infenmee rests upon physical 
evidence alone. For some cause or other the Swedish 
asar and the German diluvial sand contain few or 
no cmitics, while numerous blocks dot their surface. 
It is possible, therefore', that tlu'se de'posits assumetl 
much of their present form during a comparatively 
mild condition of things, and that when afterwards a 
colder climate ensued, coast-iec' was forim'd in greater 
abundance, and erratics distributed in larger numbers 
over the submerged land. 

The post-glacial clays, sands, and gi-avels, that over- 
lie the arctic shell-beds, show that the glacial 
climate at last passed away, the laud gradually rose, 
and the living Baltic fauna succeeded the arctic 
one. But from the presence of ciTatics resting upon 
these post-glacial beds, wo gather that large ice- 
rafts still sailed about in the Baltie. Indeed, oven 

♦ At the saiBo time, one cannot help surniibing that some of these erratics, 
at least, maj’^ have been left behind by the retreatin^j ice-sheot. In Switzer- 
land we find large angular blocks perched on the toi)8 of stratified sand and 
gravel, and yet no one imagines that these were dropped from floating i(‘e. 
At present it is the prevailing belief amongst geologists in tliis country that 
the Northern Drift of the continent is a piiioly marine deposit, and that all 
the erratics associated with it have been dropped by floating ice. This is 
probably an extreme belief, and one that I cannot help thinking will yet be 
greatly modified. 
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in our own day floating ice continues to scatter 
stones over the bed of that sea, and sometimes 
immense rafts are driven ashore, causing great 
damage. During the winter of 1802-63 a vast pile 
of ice was cast ashore on the southern coast of the 
Gulf of Finland, overwhelming many dwellings and 
whole forests. When this ice had melted away 
stones and blocks were found piled in great quanti- 
ties upon the ground. The change from arctic to 
temperate conditions has thus been less complete 
in Scandinavia than with us.* 

♦ The gradual rhaugo from arctic lo temperafe conditions is well seen in 
the shell- heJs of Norway, as 8ars has shown. He has also pointed out the 
cmious fact that certain spcci(3S of molluscs occur in these shc'll-hcds which 
are now restricted to seas farther south, ranging from England to the Medi- 
terranean ; while others again now living off the Norwegian shores occur 
also in Iho Mediterranean, but are not mot with in intermediate regions 
(lagtiagelser over den posf/dioecne eller r/lacta/e FonnntiouSf p. C6), lilr. Gw'j'n 
Jeffreys, as is well known, noted similar facts at Uddcvalla, British Associa- 
tion Jtcportj 1863. Similar facts again liave been observed in connection 
with the glacial and post-;;lucial deposits of Eiilain and Ireland. Wo have 
no doubt still mu(;h to l(3arn coni’erning the natural history of glacial, inter- 
glacial, and post-glacial seas. But it already a})j) 0 ar 8 that there were several 
great changes in the distribution of the marine fauna of north-western 
Europe during the glacial epoch. T would ask pakoontologists whether the 
occurrence of f-oulhem forms in late glatial times (arctic shelly clays) is not 
fuither proof tliat a mild climate ol long continuance supervened after the 
retreat of the great Ice-sheet which deposited the till and boulder-cla}^ and 
before the extrt)ino submergence hi Wales, Scotland, and Ireland. These 
southern Ibiiiis 1 >\ould take to he relics of the fauna that tenanted our seus 
during the climax of the last mild inter-glacial period. See the question of 
this last warm inter-glacial period discussed in chap. xxix. et sqq. 



CHAPTER XXVII. 

RTTERFICT-VL DEPOSITS OP SWITZEEL.IND. 

No trace of sea-action or of floating: W. — Ei ratios of the Jura. — Glaciers of 
the Rhine and its tributaiies.— Olaoiei of tlu* Rhone. — ^Moraino-profondo 
in Dauphiny. — Moraine-profondo of Swiss low -grounds. — Ancient al- 
Imuum or diluvium overlying mftraine-profoiule. — Inter-glacial deposits 
of Biimten, kc . — Morainic detuis, &(., overlajing iriter-glucial deposits. 
— Reason why the morfunea of the second great advance of glaciers arc 
large and wtll-preseived. — Post-glacial deposits. 

^^HERE is no region wIkto tlio marks loft by 
the gigantic glaciers of the Ico Age, have been 
more assiduously studied than in Switzerland. Resides 
the many eminent native geologists who have devoted 
themselves to this subject, hosts of ontliusiastic 
visitors from a distance, some of them men of great 
distinction, have won for th(>mselvcs scientific laurels 
amongst the glaciers of that beautiful country. For 
us especially the Swiss glaciers, ancient and modern 
alike, have many valuable lessons. Geologists in 
this country are frequently puzzled to decide what 
part of the glacial’ phenomena here ought to ho 
ascribed to the action of land-iec, and what portion 
must be assigned to rafts and bergs. In Switzerland 
nowadays there is no such difficulty. Glacialists 
are unanimous in considering that all the mai’ks of 
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old ice action in that country have boon produced 
entirely by glaciers. Eock-scratching on the grandest 
scale — strioo running across the tops of considerable 
hills — (>rraties which have crossed deej) broad valleys, 
often for great distances, and stranded at last on 
steep mountain-slopes — till, formed and accumulated 
under ice (a jmocess which some geologists even yet 
cannot be persuaded has ever taken place), may all 
be studied to the greatest advantage in Switzerland. 
It is not my purpose, however, to dwell much upon 
these matters. The object I haAm in view is simply 
to point out the succession of the older glacial 
deposits, for the purpose of instituting a comparison 
between these and glacial accumulations elsewhere. 

The Jura Mountains, as every one knows, extend 
in a long series of parallel ridges from south-west 
to north-east, betAveen the valleys of the Ehone and 
the Ehine. From the base of these moimtains the 
low-grounds of Switzerland roll themselves out to 
cast and south-east until they SAveej) up against 
the great bamer of the Alps. How upon the 
southern flanks of the Jura wo And numerous 
scattered blocks and boulders, all of which have 
been carried from the Alps across the intervening 
plains, and left where Ave noAV see them. Some 
of the blocks are of enormous dimensions: many 
contain thousands of cubic feet, and not a few 
are quite as big as cottages. Indeed one of them — 
the great granite-boulder of Steinhoff — might be 
compared as Mr. Maclaren has remarked, to “a 
goodly-sized house of three storeys.” Such blocks 
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have been observed on the Jura at a height of 
no less than 2,015 ft. above the surface of Lake 
Neufchatol, or 3,450 ft. above the sea; and from 
this elevation downwards they are strewn in greater 
or smaller numbers along the whole mountain-slope 
that faces the Alps. 

Towards the north-east, whore the Jura begins 
to lose in height as it approaches the valley of the 
Ehine, wo find the erratics scattered not only along 
the southern slopes, but even over the tops of the 
mountains. According to Swiss geologists these 
erratic blocks and boulders have been carried down 
from the Alps on the surface of a mighty mer de 
glace, underneath which the whole of the central 
low-grounds were at one time buried. This vast 
sheet of ice, not less than 3,000 ft. in thickness, 
stretched continuoiisly outwards from the Ehone 
Talley, and abutted upon the Jura, the higher 
ridges of which rose above its level. Other gigantic 
glaciers descending the valleys of the Ehine, and 
its tributaries became confluent with the glacier of 
the Ehone, and each of these carried its quota of 
rubbish and boulders, which it stranded along the 
slopes of the mountains. 

When the Ehone glacier advanced across the 
plains of Switzerland and abutted upon the Jura, it 
Avas of course compelled to flow south-west and 
north-east along the flanks of that range. That 
portion which crept toAvai’ds the north-east coalesced 
with the glaciers of the Aai-, and its tributaries, and 
these last again with the gi'eat glacier of the Ehine. 
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Ho-w far, then, to the north did this vast ice-flow 
extend? Its limits in that direction are at present 
unknown. The old moraine matter has been traced 
down to the Ehine at its confluence with the Aar, 
but beyond that, the track of the ice has not 
been followed. No one, however, can believe that 
the great glacier stopped abruptly on the banks 
of the Ehine. The mass of ice which overtopped 
the Jura and flowed down the Frickthal to the 
Ehine, must of necessity have continued its course 
much farther. Nor when wc remember that at this 
very time the Black Forest also had its great glaciers, 
can wc doubt that the ice of that region was con- 
fluent with the Swiss mer de glace. 

That part of the Ehono glacier which flowed to 
the south-west, was not until recently thought to 
have extended beyond some twenty miles below 
Geneva. But quite lately the path of the old ice- 
stream was followed by MM. Falsan and Chantre,* 
from Geneva as far as Lyons, passing by Scillon, 
Chatillon, Ars, and Sattonay, and even farther south 
to Valence in the department of Drome — ^that is to 
say about 130 miles as the crow flics from Geneva. 
On its way it overflowed the rubbish heaps of lime- 
stone blocks brought down by the local glaciers that 
descended from the valleys of Savoy, and deposited 
above them its own moraines of crystalline rocks. 
What a picture does this give us of the old Ice Age. 

* According to these geologists, all the plain of the Dombes and lower 
Dauphin6 is covered with the moraine-profonde of the Rhone and its tribu- 
taries. BulL de la Soe, ghl, de France fiomQ'juivi, 2e Seric, 1868; Bibliotheque 
Univereelle (1872), vol. xliv. p. 46 ; Nature^ vol. viii. p. 468. 
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Truly if Scandiuavia and Britain had then their 
great enveloping mer de glace, central Europe was 
not much behind with its colossal glaciers ; a 
stone dropped upon the Rhone glacier at its source 
might in those days have been carried upwards of 
270 miles before it reached the end of the ice-flow. 
In comparison with this what are the present glaciers 
of the Himalaya and the Karakorum, the very 
largest of which attains a length of only thirty-six 
miles?* 

But erratic blocks and loose rubbish strewed along 
the mountain-slopes are not the only deposits which 
these great glaciers accumulated. In the low-grounds 
of Switzerland f we get a dark tough clay packed 
with scratched and well-rubbed stones, and contain- 
ing here and there some admixture of sand, and 
irregular beds and patches of earthy gravel. This 
clay is quite imstratified, and the strata upon which 
it rests frequently exhibit much confusion, being 
turned up on end and bent over, exactly in the 
same way as the rocks in this country arc sometimes 
broken and disturbed below till. The whole deposit 

* It would seem that during a comparatively recent period the desert of 
Sahara was submerged, recent marine shells having been found widely dis- 
tributed over its surface, and embedded at some depth in the sand. It is 
highly probable that, as Escher von der Linth has suggested, this submerged 
condition of the Sahara lebtained during the glacial epoch, and that much of 
the moisture which then fed the great snow-fields of the Alps was brought by 
the prevalent winds flowing from Africa across the Sahara Sea and the 
Mediterranean. 

t For descriptions of the ancient moraine- profonde of the plains of Switzer- 
land, see Necker’s Etudes gcologiques dans les Alps; and A. Favre’s Eccimehet 
ffsalogiqws dans les Earties de la Savoie, &c., tome i. chap. iv. Some of the 
best sections of this stony clay or till which I have seen are exposed in the 
steep banks of the river Arvo, a little above Carouge, where a thickness of 
SO or 90 ft. is seem 
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has experienced much denudation, but even yet it 
covers considerable areas, and attains a thickness 
varying from a few feet up to not less than thirty 
yards. At Diimten a shaft was sunk in it to a depth 
of thirty feet without reaching the bottom. 

The Swiss glacialists believe this deposit to be 
the material that gathered underneath the great 
mer do glace, and hence they term it grund-mordne 
or morainc-profonde. That it has been subjected 
to great pressure, is evident from the exceedingly 
stiff and compact nature of the clay, in which, as 
in other particulars, it closely resembles, as indeed it 
is the counterpart of the Scotch till. 

I have mentioned the fact that the grund-morane 
has suffered much denudation. Eosting upon its 
eroded surface we find sand and gi’avcl, and the 
same deposits arc spread far and wide over the 
low-grounds, attaining often a great thickness, and 
frequently rising to considerable heights. These con- 
stitute the ancient alluvium of Swiss geologists. 
When they are traced from the low-grounds up 
to the base of the Alps they generally become 
coarser, and show many angular stones, especially 
at or near the bottom.* Of course they do not 
cover the ground continuously ; in many places, 
indeed, they are absent altogether. 

The origin of the ancient alluvium is sufficiently 
obvious. When the great glaciers were retiring and 
leaving trains of blocks and boulders upon the moim- 

* Carl Vogt’s Lehrhueh der Oeologie md PetrefactenKundey third edition, 
Tol. ii. p. 36. 
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tain-slopes at ever decreasing heights, they by-and- 
by came to shoot their rubbish upon the loAV-groimds. 
Streams of water issuing from the melting ice then 
washed these moraines down, rounded the angular 
stones, and spread sand and gravel far and wide. 
The ancient alluvium, therefore, is exactly the 
counterpart of those great accumulations of sand 
and gravel, Avhieh bulk so largely in and at the 
mouths of om’ own mountain valleys; accumulations 
which at a later date, as we have seen, were worked 
up into cones and ridges. In Switzerland, however, 
no subsequent submci’gence ensued as in northern 
Europe, and neither eskers, kames, nor iisar occur 
anywhere in the low-groimds of that country. 

The beds which I have now to refer to, carry 
the story still further on, and are of much interest 
and importance. 

At Diimtcn and Wetzikon in the canton of 
Zurich, certain scams of lignite have long been 
worked, and in the canton of St. Gall, similar 
seams occur at Utznach and Morsohweil, on the 
Lake of Constance. The lignite at these different 
places is believed to be the same, or at all events 
to have been accumulated at approximately the 
same time. It varies from two to five feet, and even 
occasionally reaches a thickness of twelve feet. It 
appears to be made up chiefiy of peat-forming plants. 
Like much more recent peat-mosses, it also contains 
numerous remains of trees, such as pines, oaks, 
birches, larches, &c. From an examination of these 
remains Professor Heer has concluded that the climate 
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of Switzerland during the formation of the lignite 
was similar to what it is now. 

Associated with this ancient peat-moss are found 
the bones of the Asiatic elephant, a species of 
rhinoceros, the urus or great ox, the stag {Cervus 
elap/ius), and the cave -bear. In addition to these 
fossils a number of insects are found whose shining 
wing-cases speckle the upper surfaces of the beds. 
Some of the coleoptera described would seem to be 
now extinct. 

Such in a few words is the general character of 
the lignite. At Durnten it rests immediately upon a 
layer of fine yellow sand and clay, beneath which 
comes an unknown thickness of grund-moranc.* 
Overlying the lignite we find a considerable thickness 
of gravel and sand, in beds which are surmounted 
with several large alpine erratics.f 

Now from these facts wo gather that the great 
mer do glace eventually vanished from the low-grounds, 
and the glaciers shrunk back again into the deep 
mountain-valleys. The climate grew as mild as it 
is at present. Oaks, pines, and other trees overspread 
the ground, and many large animals became denizens 
of Switzerland. That this condition of things must 

• Die Vfirelt der Schweiz, p. 486. It was at Dumten where they drove 
a Bhuft in the grund-morano to a depth of 30 ft, and were prevented from 
going farther by an influx of water. 

i* Near the village of Uennanco, on the borders of tho Lake of Genevar 
there is an interesting s€)ction showing a bed of turf (with trunks of trees and 
recent species of land and fresh- water shells) which overlies a blue tenacious 
clay with scrat(‘hed stones, and is covered with reddish clay containing 
tTratic blocks and a little gi-avol. Noro of the blocks in this upper clay arc 
striated. A. Favre, Rcchcnhcs g^ologiqmsy &c., tome i. p. 71. 
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have endured for a long time no one can doubt. 
Nor could the change from the intense glacial 
climate of the great mer de glace have been other 
than gradual. The glaciers would slowly retire, 
and many ages would elapse before the conditions 
became such as to induce the growth of oak-trees. 
After the genial climate that nourished these trees 
had lasted for untold centuries, the cold again in- 
creased. Slowly the glaciers crept down the valleys. 
Little by little, year by year, they continued to 
advance until at last, escaping from the mountain- 
valleys, they deployed upon the low-grounds. And 
now, encroaching upon, and eventually occupying the 
basins of the Alpine lakes, they crept out from 
those and piled up great end-moraines upon the 
low-grounds beyond. 

But the erratic blocks that overlie the lignite 
beds are not the only evidence of this second advance 
of the glaciers. That the ice after retiring from the 
Jura to the mountain-valleys did again invade the 
low country, had been inferred before the inter- 
glacial character of the lignite beds was discovered. 
It had been known for years that the first ground- 
moraines and ancient alluvium were overlaid by 
newer ground-moraines, terminal moraines, and allu- 
vium ; the meaning of this having been pointed out 
by Morlot as far back as 1854.* It was extremely 
satisfactory, however, to get the further evidence 
supplied by the lignito beds, as it enabled geologists 

♦ Bulletin de la SocieU vaudoise des Sciences naturelle^ 1854, iv. pp. 39, 41, 53, 
185 ; Edinburgh New Thilosophical Journal^ 1855, p. 14. 
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to appreciate more fully what the retreat and advance 
of the glaciers really meant. 

A similar succession of deposits has been detected 
by Professor Hanns Hdfer, as occurring in Carinthia. 
In the lower reaches of the valleys of that region 
ground-moraine is well developed, and perched blocks 
and erratics are found at great elevations, while the 
glaciated aspect of the mountains further shows that 
the valleys at one time must have brimmed with 
ice. Overlying the ground-moraine come massive 
deposits of river gravel, &c. (near Klagenfurt), which 
have yielded remains of the woolly rhinoceros, the 
steinbock {Ibex cebennarum\ and Bos taunts. These 
fresh-water beds Professor Hdfer correlates with the 
gravel beds that immediately overlie the Diimten 
lignites (corresponding to the Intcr-glaciale Gerollbil- 
dung of Hecr). A younger series of large moraines 
met with in Carintliia near the Eaiblersec, and in 
the Moll and Malnitzer Valley he considers to be 
the equivalents of the groat moraines of the “ second 
glacial period ” in Switzerland,* 

The glaciers of the second period, although of very 
much larger dimensions than their puny descendants 
of to-day, yet. were themselves but pigmies as com- 
pared to the gigantic icc-flows of the first period. 
Nevertheless, strange to say, while the end-moraines 
left by the former are large and well defined, those 
of the latter do not exist, or exist only in the form 
of scattered blocks. For this apparent anomaly 


* ‘‘ Studion aus Kamton ” : Neue» Jahrbtich fur Mirteralofjioy Qeoloyie, and 
Fali^ontologie^ 1873, p. 128. 
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seyeral reasons may be given. In tbe first place 
we have to consider that during the melting of the 
great mer de glace that filled to overflowing the low- 
grounds of Switzerland, the rivers must have been 
enormously swollen, and excessive denudation of 
the moraiues would necessarily follow. Next we 
haA'e to take into account the greater antiquity of 
the deposits belonging to the first period. So long 
a time passed between the date of their formation 
and that of the second set of moraines, that wc 
should naturally expect to find the latter in a better 
state of preservation than the former. Again, it is 
very doubtful whether the end-moraines of the first- 
period were much larger or even as large as those 
of the second. The moraines of a small glacier, as 
Muhlbcrg* has well reminded us, bulk more in 
proportion than those of an ice-stream of greater 
pretensions. During the first period an immense 
frontage of rock disappeared below the ice, and 
was thus prevented from showering down its debris. 
In the second period, however, the glaciers did not 
reach nearly so high upon the sides of their valleys, 
while the snow-fields were less continuous, and thus 
a much greater area of rock was exposed to the 
action of the frost. Yet, further, we cannot tell 
whether or not the glaciers of the first period re- 
mained long stationary when they had reached their 
maximum size. But we know that those of the 
second period did. Finally, when we consider that 
the end-moraines of the former were dropped upon 

* Vehe) die rnafin/icn BUdunyen nn ^imydn^ <&(,, p. 85. 
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the bottoms of two of the largest river-valleys — those 
of the Ehone and the Ehine — ^it does not appear at 
all improbable that much of the moraine debris may 
yet be lying concealed below those deep and wide- 
spread deposits of loam (loss), through which the 
present rivers make their way after escaping from 
Switzerland. 

The change from the last glacial conditions to 
the present climate appears to have been gradual; 
the glaciers retiring slowly up the valleys, but 
perhaps occasionally advancing for a short distance, 
during some exceptionally severe year. 

The mammalian remains met with in post-glacial 
deposits in Switzerland, belong for the most part 
to the same species and genera as those which 
characterize similar deposits in Ireland, Scotland, 
and North of England. Thus we get the bison, 
extinct bovidte, several species of deer, &c., and also 
the mammoth and the woolly rhinoceros. Human 
relics likewise occur plentifully in the post-glacial 
beds, but none of these go back to an older date than 
the newer stone period of archseologists. 



CHAPTEE XXVIII. 

SUPERFICIAL DEPOSITS OF NORTH AMERICA. 

Glaciation of the northern regions. — Tho Barren Grounds. — Profusion of 
lakes. — Pre-glacial beds.— Oldest glacial depobits. — ITnmodifiod drift, or 
till. — Scratched pavements in till. — Marine arctic shells in boulder-clay 
of maritime districts. — Inter- glacial deposits. — Iceberg drift. — Later 
glaciation. — Morainic debris. — Gra\el and sand mounds, ridges, &c. — 
Erratics on gravel and sand ridges. — Limits of submergence uncertain. — 
Glacial lake-terraces in White Mountains. — Laminated clays with marine 
arctic shells. — Local moraines. — Tables showing succession of glacial 
deposits in Europe and America. 

TT would be interosting to ascertain how far the 
results obtained from an examination of British, 
Scandinavian, and Alpine glacial deposits, harmonize 
with what may he learned from the records of the 
glacial epoch in other European districts, as in the 
Pyrenees and the Carpathians, hut these districts 
have not yet been studied in suflB.cicnt detail. Tho 
day is no doubt coming when it will he possible to 
correlate tho glacial deposits of such mountain areas 
with those of hotter-known regions. ^^ay, the 
student of glacial geology may even look forward to a 
time when it will he possible to compare in detail 
the relics of the Great Ice Age that are known to 
occur in northern Asia with the similar accumula- 
tions in Europe. But if wc are as yet imperfectly 
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acquainted with the superficial deposits in the northern 
latitudes of Asia, it is otherwise with those in the 
corresponding regions of North America. The litera- 
ture of American glacial geology is already very 
extensive, and every year is adding to its hulk. 
Much light has been thrown upon the whole question 
of these researches, and the conclusions arrived at 
must be carefully studied by geologists on this side of 
the Atlantic if they would seek to gain an adequate 
conception of those great revolutions of climate that 
transpired in our hemisphere during the glacial epoch. 
In the following slight sketch, however, I will not 
attempt to do more than place before the reader what 
seems to have been the general succession of events. 

It is no exaggeration to say, that, the whole 
surface of North America, from the shores of the 
Arctic Ocean to the latitude of Now York, and from 
the Pacific to the Atlantic, has been scarped, scraped, 
furrowed and scoured by the action of ice. The 
ice- worn rocks of Labrador, Canada, the Northern 
States, and British Columbia, have been examined 
and described by many specialists; but, so striking 
are the appearances presented, that they have not 
failed to arrest the attention of other observers in 
those desolate regions of the far north which have 
been but seldom traversed. No geologist can read 
the accounts of the Barren Grounds to be found in 
the writings of Franklin, Eichardson, Back, and 
others, without recognising everywhere the evidence 
of ancient glacier-action. If Dr. Eichardson had 
been a professed glacialist, he could hardly have 
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described in more expressive language the aspect of 
the ice- worn tracts traversed by him in company with 
the hapless Franklin.* Everywhere we meet with 
references to “round-backed ridges,” “very obtuse 
conical hillocks,” “ bare, rounded masses of granite 
and gneiss,” “land-locked sheets of water,” &c. 
Many years afterwards, when this traveller once more 
threaded his way through the Barren Grounds, he did 
not fail to observe also the fnn-ows and scratchings 
upon the harder rocks, f Another observant traveller. 
Captain Back, who followed the com’se of the Groat 
Fish Eiver (Back’s Iliver) down to the Arctic Sea, 
gives the following graphic sketch of a scene on the 
skirts of the Barrens; as a faithful 2)icture of a 
highly icc-wom surface, it might have been diUAvn 
by a glacialist himself. “There was not the stern 
beauty of alpine scenery, and still less the fail- 
variety of hill and dale, forest and glade, which 
makes the charm of a European laudscaiie. There 
was nothing to catch or detain the lingering eye, 
which wandered on without a check over endless 
lines of round-backed rocks, whose sides were rent 
into indescribably eccentric forms. It was like a 
stormy ocean suddenly petrified. Except a few 
tawny and pale green lichens, there was nothing to 
relieve the horror of the scene.” J 

But the rounding of rocks is not the only modifica- 
tion effected by the grinding of land-ice. Not only 

* Narrative oj a Journey to the Shore's of the Polar Sea in the years 1819-22. 
t Journal of a Bout Voyage through Mupert's Land, 

J Nairativi of Aictic Land Bxptditxon to the Mouth of the Great Fish River ^ 

p. 178 . 
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are sharp edges and projecting points smoothed away, 
hut hollows are scooped out in the solid rocks. The 
lakes and sea-lochs of Scotland and Scandinavia, the 
innumerable lakes of Finland, and those of Switzer- 
land and Italy, are both far outnumbered, and far 
surpassed in extent also, by the freshwater seas (for 
such not a few are) of North America. Lakes are 
profusely distributed over the whole vast tracts that 
drain into the St. Laverence, Hudson’s Bay, and the 
Arctic Ocean, and they are equally abundant in 
Labrador and Newfoundland. By far the great 
majority of these lakes must owe their origin directly 
or indirectly to the grinding power of ice — ^for they 
either rest in rock-bound hollows or are dammed back 
behind irregular ridges of glacial dejiosits. 

But if the glaciated aspect of North America is 
only that of Europe on a larger scale, we shall find a 
no less close correspondence between the superficial 
accumulations of the two continents. The lowest 
glacial deposit recognised by Canadian and American 
geologists is “ unstratified boulder-clay,” or “ un- 
modified drift.” In some places this deposit is found 
to overlie beds of sand, gravel, and clay, and these 
beds have occasionally yielded vegetable remains. 
Dr. Dawson cites* the case of “ a hardened peaty bed, 
which appears under the boulder-clay on the north- 
west arm of the Biver of Inhabitants in Cape Breton.” 
“ It contains many small roots and branches appar- 
ently of coniferous trees allied to the spruces.” In an 
interesting paper by Mr. C. Whittlesey,! reference 

♦ Acadian Geology.^ p. 63. f Smithsonian Contributions to Knowledge., vol. xy. 
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will also be found to the occurrence below and in the 
“ unmodified drift ” of decayed leaves and the remains 
of the mastodon and elephant. Generally speaking, 
however, the “ unmodified drift ” appears to rest 
directly upon the rocks, which are polished and 
striated below it. But over wide regions in the 
Barren Groimds and Labrador, the lowest member of 
the drift series appears to be entirely absent, or rests 
in patches among the hollows of ice- worn hummocks 
and hills. Considerable tracts of it, however, seem to 
occupy the low-grounds iipon the western borders of 
Hudson’s Bay.* In Labrador it appears not to be 
very plentiful. Dr. A. S. Packard says : — “Nowhere 
did I see on the coast of Labrador any deposits of the 
original glacial clay or unmodified drift. Upon the 
sea-shore it has been remodelled into a stratified clay ; 
and the boulders it once contained now form terraced 
beaches.” t Professor Hind, however, mentions its 
occurrence capped by sand, and forming banks “ rising 
seventy feet above the level of the Moisie Kiver, 
twenty miles from its mouth.” It is well developed 
in Canada, where, according to Professor Dawson, it 
assumes the character of a “hard grey clay, filled 
with stones, and thickly packed with boulders.” The 
stones and boulders are often scratched, and the 
whole deposit is usually devoid of stratification.^ 
Thick masses of it are encountered in Maine, where it 

♦ Narrative of a Journey to tf^ Shores of the Polar Sea (Franklin and 
Bichardson), p. 499. 

t On the Glacial Phenomena of Labrador and the Maine, 

X “ Notes on the Post-pliocene Geology of Canada ” : Canadian Naturalist^ 
New Series, vol. vi. 
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presents precisely the same character as in Scotland, 
— a tough, imstratified clay, crammed with angular 
and subangular, smoothed and striated stones. In 
the State of New York it is described as “ sometimes 
loose, but frequently partially aggregated by argil- 
laceous matter, that renders a pick necessary to dig 
it.”* Mr. Whittlesey also makes jfrequent reference 
to its occurrence in Michigan and Ohio, where it is 
described as a firmly-compacted “ mixture of clay, 
sand, and gravel, or fragments of rocks in a confused 
or imperfectly stratified condition, which is locally 
known as ‘hardpan.’”f A similar account is given 
of the Illinois glacial drift by Professor E. Andrews, J 
and, scattered through the various admirable Eeports 
of the State Geologists, numerous descriptions wiU 
be found that tally with the foregoiug. 

The somewhat rare phenomena of “ scratched 
pavements” in the till have also been observed 
in North America. Professor 0. N. Stoddard refers 
to an excellent example in the till of Miami. 
The upper surfaces of the embedded stones were 
all striated in one and the same direction, but 
when the boulders were picked out of the clay, their 
other sides showed scratches running in different 
direetions.§ 

In' the interior of the country the “unmodified 
drift ” is quite unfossiliferous, but in certain maritime 
districts it appears to have yielded marine organic 

* Geology of New York, part iv. p. 160 (Prof. W. Mather). 

t Smithaonim CouHrihutims to Knowledge^ vol. xv. 

X American Journal of Science (1867), vol. xciii. p. 75. 

§ Op, eit, (1869) vol. xxviii., p. 227. 
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remains. This, according to Professor Dawson,* is 
the case in the lower part of the St. Lawrence Biver. 
Further up in the vicinity of Montreal, however, it 
has not been observed to contain fossils. From 
Professor Dawson’s description of the fossiliferous 
stony clay, that deposit would seem to be analogous 
to the boulder-clay of maritime districts in Scotland, 
Another interesting feature in the American glacial 
deposits, is the ocemrence of intercalated fossiliferous 
beds. These are passed through frequently in sinking 
wells and pits, and in digging foundations. A few 
examples will illustrate the general arrangement of 
the strata. The first is taken from a paper by 
Mr. Whittlesey: — "f 


Akterian Well, Colvmwa, Ohio. 


Surface 216 ft. above Lake Erie, and 780 ft. above tide. 


1 

Ft. 

A 

A. ^AChVCl, OUX\JL U\flXX\JLV±0 , 

• • XV 

3. Coarse sand .... 

2 

4. Blue clay and boulders . 

4 

6. Fine quicksand 

2 

6. Blue clay, inclosing a log 

17 

7. Hardpan .... 

3 

8. Quicksand .... 

1 

9. Hardpan to cliff limestone 

37 

80 


The same author gives several sketch-sections, 
which show that the beds are by no means of regular 
thickness, but thicken and thin out in a somewhat 
inconstant manner. 

* « Notes on the Post-pliocene Geology of Canada,*’ Camdian Naturalist^ 
New Series, vol. vi. 

t Smithsonian Contributions to Knowledge^ vol. xv. ^ 
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The following interesting section was obtained* 
during the sinking of a shaft at the city of Bloom- 
ington (Illinois); — 


Ft. 

1. Surface soil and brown clay ... 10 

2. Blue clay 40 

3. Gravelly hardpan 60 

4. Black mould, with pieces of wood, &c. . . . 13 

5. Hardpan and clay 89 

6. Black mould, &c. 6 

7. Blue clay 34 

8. Quicksand, buif and drab in colour, and containing? 

fossil shells .2 

Clay shale (coal-measures). 


254 

Again, Professor Newberry has described f the 
occurrence of a regular forest-bed intercalated among 
true glacial deposits, and bones of the elephant, 
mastodon, and great extinct beaver, have been found 
in the same position. According to Dr. Newberry 
and his associates t on the State Survey (Ohio), the 
succession of deposits in the valley of the Maumee is 
as follows, beginning with the oldest : — 


a Glacial diift. 
h Erie clays. 
c Forest bed. 

(I Iceberg drift. 
f Alluvium. 

/ Peat, calcareous tufa, shell-marl. 

The next section shows the nature of the deposits 
which overlie the “ immodified drift ” or till : — 


* Geology of Illinois^ vol. iv. p. 179. The “shells*' are of fresh- water 
species. 

t NafurCy 1871, p. 155. Report of Progress (Geol. Surv. of Ohio), for 
1869. 

X Report of Progress (Ohio Survey), 1870, p. 340 et sqq. 
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Section of Artesian Well in State House Yard, Columbus. 


Ft. 

Surface earth 1 

Brown earth 2 

Sand and gravel 11 

Blue clay with boulders (Erie clay) 4 

Sand 2 

Quicksand 3 

Leafy blue clay 1 

Blue clay and sand (Erie clay) 18 

Clay and gravel 3 

Sand, clay, and gravel 9^ 

Cemented clay, sand, and gravel (unmodified drift) . 68 j 

Lime rock at * 123 


The Erie clays are generally of a bluish or greyish 
colour, and always contain boulders and pebbles in 
greater or less abundance. These stones, moreover, 
arc frequently scratched, and iu some localities few of 
them are found without stria). None of the clay 
beds has yielded any fossils. 

Immediately overlying the Erie clay series occurs 
the forest-soil referred to above. The beds below are 
usually discoloured for some distance down with 
vegetable mould, and contain, mingled with their 
own substance, quantities of leaves, branches, roots, 
and tree-trunks. In some districts of Ohio, the old 
forest seems to be everywhere present, although it is 
more frequently met with on the high plateaux than 
in the valleys. The trees have been identified as 
sycamore, hickory, beech, and red cedar, the latter 
being by far the most abundant. 

Heavy masses of gravel, sand, and boulders overlie 
the buried forest. 

The succession of changes which appears to be 
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indicated by these phenomena, are, accordiag to 
Professor Newberry, as follows : — 

1st. A period of a great continental glacier or ice- 
sheet. 

2nd. The retreat of the ice, and tho appearance of a 
vast fresh-water lake (covering a largo part of Ohio), in 
which were deposited the Eric clays, &c. 

3rd. The silting up of the lake, and the advent of a 
luxuriant forest-growth. 

4th. The submergence of the land and the deposi- 
tion from floating ice of blocks and boulders.* 

When the great continental glacier, which appears 
to have covered so large a portion of North America, 
began to retire, a newer set of glacial strim was 
engraved upon the rocks, the direction of which does 
not coincide with that of the primary glaciation. In 
the district of Lake Superior, for example, there are 
traces of two distinct glaciations — the main or con- 
tinental glacier having flowed from north-east to 
south-west, while the local and latest ice-flow was 
from north to south, f This thickness attained in 
Connecticut by the continental ice-mass, has been 


* Those details are taken chiefly from Report of Progrens (Ohio Survey) for 
1870 ; SCO also Awerican Jouroal of tidimc, tol. c. 1870, p. 64, where a bed of 
peat, 10 to 15 ft. thick, is doscribed as underlying 80 ft. of clay and gravel. 
Ash, hickory, and sycamore, together with grape-vines and beech-loaves, are 
said to occur in a similar position — a stratum of soil 2 ft. thick often un- 
derlying those vegetable remains. Two mastodon tusks were taken in 1870 
from the northern part of the same drift-bod to which the peat belongs, and 
at about the same level.” Phosphate of iron (vivianite) occurs in small 
pockets in tho beds associated with the peat, and is with some probability 
supposed to represent remains of bones. 

t Report on Luke Superior, part i. p. 205 (Foster and Whitney) ; see also 
N. H. Winchell on ‘<The Glacial features of Green Bay,” &c. American 
Journal of Science, vol. cii. p. 15. 
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estimated by Dana to have reached 6,000 ft. or 
8,000 ft.* 

The withdrawal of the ice-sheet was marked by the 
stranding of perched blocks and the accumulation of 
moraine rubbish and diluvial gravel and sand, which, 
again, were partially rearranged during the submer- 
gence that carried down the Ohio forest lands below the 
sea. It is thus difficult sometimes to distinguish true 
moraine drift from reassorted marine drift; the one, 
in short, seems to shade into the other. This, how- 
ever, does not mean that the deposition of the morainic 
debris and its reassortment by the sea took place at 
one and the same time. The ice may have melted 
away from all the low-grounds of New England, and 
shrunk back to the valleys among the White Moun- 
tains before subsidence of the land began ; as, indeed, 
the evidence of the Ohio beds would seem conclusively 
to prove. 

In reading descriptions of the mounds of gravel 
and sand which cover large tracts of country in the 
New England and the north-western States, and also 
in Canada, one cannot fail to notice how closely all 
the appearances coincide with those we are familiar 
with in this country. Professor Hitchcock, describing 
the drifts of New England, says they “form ridges 
and hills of almost every possible shape. It is not 
common to find straight ridges for a considerable 
distance. But the most common and most remark- 
able aspect assumed by these elevations is that of a 
collection of tortuous ridges, and rounded and even 


^ Airn'ican Journal of fScienee^ vol, cii. p. 240 . 
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conical hills, with correspondent depressions between 
them.” * This description would apply word for word 
to some of the larger areas of kamcs in Scotland. 
The American mounds and cones are almost invari- 
ably composed of well water-worn materials, usually 
gravel and sand; and they are, moreover, not in- 
frequently false-bedded. Occasionally boulders are 
found inside these mounds ; but this is certainly quite 
exceptional, and such included stones are usually 
more or less rounded. Now and again a mound 
appears to be composed of coarse shingle and rounded 
boulders. But when boulders occiu* in moimds of 
sand and fine gravel, they seem to be confined chiefly 
to the upper parts of the deposits.f 

Immense numbers of large erratics cumber the 
surface of the ground in many parts of New England, 
the north-western States, Canada, and Labrador, and 
are scattered over the tops and slopes of the mounds 
and ridges of sand and gravel. Even much farther 
north the same phenomena are so striking as to arrest 
the attention of the traveller who is not strictly a 
geologist. I was much interested some years ago in 
reading the accounts given of the Barren Grounds 
of North America by various writers who had visited 
these inhospitable regions. Sand-hills and huge 
erratics appear to be as common there as in the 
countries farther south. Captain Back gives a very 

♦ Trans, of the Assoc, of Amer. Geol. and Katur.^ 1840-1842, p. 191. 

t See E^ort on the Geology of Lake Superior Land District ^ p. 236 ; also 
Geology of New York^ part iii. p. 121, where Lardner Vanuxem says : “ With 
some exceptions, they (erratics) are generally found upon the surface, fre- 
quently upon the tops of hills or on their sides, appearing in almost all their 
localities as if but recently dropped,” &c. 
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graphic account of the isolated cones and “ chains of 
sand-hills,” which he saw in several places stretching 
far away on either side from the valley of the Great 
Fish Eiver. He tells us that “ the ridges and cones 
of sand wej'o not only of great height, but singiilarly 
crowned with immense boulders, grey with lichen, 
which assuredly would have been considered as 
having been placed by design, had not the impossi- 
bility of moving such enormous masses proved incon- 
testably that it was Ifaturc’s work.” This was in 
60° N. lat. In another place “ the country was formed 
of gently undulating hills, Avhosc surfaces were 
covered with large fragments of rock and a coarse 
gravelly soil.”* In the Bairen Grounds to the 
west of the bleak coimtry traversed by Back, sand- 
hills and huge erratics are equally abimdant, the 
erratics being often abundantly dotted over the 
hillocks of drift, t The same appearances have been 
noted agaiu and again by explorers. Between Lake 
Winnipeg and the Saskatchewan Eiver, the number 
of boulders perched on the sides and summits of 
ridges and mounds seems to be specially remarkable. J 
The erratics sometimes show strim which not infre- 
quently are placed parallel to those of the bare rock 
upon which the erratics rest. A good example of this 
appearance is quoted by Mr. J. Be Laske.§ He states 

• Narrative of Arctic Zand Expedition to the Mouth of ilte Great Fish River, 
&c., pp. 140, 346. 

f See Franklin’s Journey to the Shores of the Folar Sea, and his Second Jour- 
ney j also Sir J. Richardson’s Journal of a Boat Voyage through Ruperfs Land. 

X Royal Geographical Journal, vol. xxx. p. 276 (Palisscr’s Exploration). 

§ Second Ann. Rep. upon Nat. Hist. 4* Geol. of Maine, 1862. These erratics, 
however, were most likely left upon tho ground during the rtjtreat of the 
ice-shoet. 
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that “axoTind one of the quarries to the west of 
Carver’s Harbour the ground is literally covered witl 
boulders, some of which are enormous. Many of 
these turned out of their beds exhibit the polishing 
and scratching of the common floor-rock of the island 
(Mmmt Desert Island). Furthermore, if carefully 
turned over, we find some of them left just where 
they had last been employed in scratching the ledges 
— ^the parallel scratches of the boulder being placed 
parallel to those of the rock beneath.” 

Thus in northern America, as in the northern lati- 
tudes of Europe, we find the ground covered through- 
out wide areas with groups of ridges, mounds, and 
cones of sand and gravel ; and these peculiar hillocks 
are everywhere dotted over with large erratics, in such 
a way as to show that the sand and gravel must have 
been laid down and heaped up before the erratic blocks 
were dropped. And, from the rare occurrence of 
embedded boulders in the sand and gravel, it is only 
reasonable to infer that at the time the sand and gravel 
were heaped up there could not have been much ice 
floating about. It is true that piles and mounds of 
coarse unstratified debris and boulders are occasionally 
fotmd associated with the re-assorted drift ; but these, 
according to Professor Agassiz and several other 
American geologists, are moraines, and not the drop- 
pings of icebergs. The mounds of well water-worn 
sand and gravel are singularly free of boulders, except 
on the outside. 

After the old diluvial deposits had been added to 
and re-assorted upon the bed of the sea, the climate of 
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the northern hemisphere, which had been zaodente 
during the period of subsidence, again became cold. 
Pleets of icebergs and icerafts set sail from every 
coast that remained above the sea, and dropped their 
burdens as they journeyed on. But to what extent 
North America was submerged wo cannot tell. Pro- 
fessor Hitchcock describes many so-called ramt/ beacJief, 
one of which occurs at a height of 2,449 ft, above the 
sea in the White Mountains ; but it seems most likely 
that these terraces are, as Dr. Packard and other 
writers have suggested, of fresh-water origin — being 
the relics of glacial lakes like the Parallel Eoads of 
Glen Eoy. Many of the terraces in question are 
strewn with huge boulders, as if these had been 
stranded by rafts of ice. 

During the re-elevation of the land, beds of clay 
accumulated off the coast, and became gradually 
stocked with shells of an arctic type. These are the 
“ Leda clays ” of Labrador and Maine, so ably de- 
scribed by Dr. Dawson, Dr. Packard, and others. It 
can hardly be doubted that they are the eqidvalents 
of the Scottish and Scandinavian shelly clays. The 
fossils which they contain are very decidedly arctic in ' 
the lower beds, but in the upper beds they give evi- 
dence of a gradually ameliorating climate. 

In the valleys of the White Mountains, and in those 
of the Eocky Mountains and the Sierra Nevada, a 
number of terminal moraines mark the [sites of local 
glaciers, which gradually crept up the valleys, and 
vanished as the cold of the glacial epoch passed away. 

We have now completed our review of the glacial 
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deposits, and have learned that the succession of 
changes during the Age of Ice was singularly uniform 
over large areas in the northern hemisphere. All this 
points unmistakahly to the operation of cosmical 
influences. It is impossible to believe that mere local 
elevations and depressions of land wore the causes that 
induced that remarkable rotation of cold and mild 
periods which we term the glacial epoch. On the 
contrary, we have seen that great oscillations of climate 
supervened independently of the varying distribution 
of land and sea. Thus, in Scotland and the north of 
England we have evidence to show that after the 
retreat of the ice-sheet a wide land surface appeared, 
and that the mild conditions of climate which then 
obtained continued to characterize our area until the 
land had sunk to a considerable depth in the sea, when 
at last another cold period ensued. Similar changes 
characterized the glacial epoch in America. But in 
order to bring these and other matters clearly before 
the mind, I shall here summarise the general results 
of our review in a series of short tabular state- 
ments. In each table I begin with the oldest de- 
posits : — 


Scottish Glacial Deposits. 


1. Till, with intercalated and 
subjacent deposits. 


2. Boulder-clay in maritime' 
regions-; till in the interior ; 
and perched blocks at high 
levels. 

3. Morainic debris; perched' 
blocks ; and ancient river- 
gravels or diluvium with 
animal remains. 


Intense glacial conditions (general ice-sheet) 
with intervening periods marked by milder 
climates. 

Ice -sheet molting back; gigantic local 
glaciers entering the sea. 


Further retreat of the ice ; local glaciers ; 
large rivers ; climate passing to temperate. 
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4. Karnes .... Depression of the land; climate temperate 

or cold-tcmporato. 

r Return of glacial conditions ; period of float- 

5. Brick-clays, &c., with arctic I ing ice ; climate not so intense as during 
and boreal shells ; erratics. | accumulation of till ; re-olevation of the 

land. 

6. Valley moraines . . Final retreat of the glaciers. 


English Glacial Deposits. 


1. Till of north-west, &c. ;'j 

lower and middle glacial of 
East Anglia. J 

2. Bouldor-clay (lower) of] 
Lancashire, &:c. ; great j 
chalk)" boulder-clay, &c., of j 
East Anglia ; boulder-clay ^ 
of Northumberland coast ; 
■nprfbpd blneirs at hifirh 1 

* w j 

levels. 

3. Older morainic debris ; ] 

perched blocks ; gravel and 1 
sand in and opposite moun- 1 
tain valleys. ^ 

4. Middle sands of Lanca-) 

shir(.‘, Moel Tryfan, &c. ) 

6. Upper boulder- or stony') 


clay of Lancashire, dec. ; Nai 
Vsdley beds ; Hessle gravel | 
and clay ; erratics. ^ 


6. Valley moraines 


Intense glacial conditions with intervening 
milder period. 


Ice -sheet melting back; gigantic glaciers 
entering the soa. 


Further retreat of the ice ; local glaciers , 
large rivers. 

Depression of the land, climate temperate, or 
cold- temperate. 

Return of glacial conditions ; climate not so 
arctic as during accumulation of till and 
lower boulder-clay ; land rising. 

Final retreat of the glaciers. 


Irish Glacial Deposits. 


1. Till .... Intense glacial conditions (inter-glacial bods 

not certainly known to occur). 


2. Boulder-eky power); till-, 
m the interior ; perched > . . 

blocks at high levels. J 


melting back ; gigantic local 
entering sea. 


8, Morainic d6bri8 ; perched 1 Further retreat of the ice ; local glaciers ; 
blocks; sand, &c., opposite^ large rivers, 
mouths of glacier valleys. J 

4. Eskers and middle sands,') Depression of the land; cUmato temperate, 
&c. ^ or cold-temperate. 


5. Upper boulder- or stony 
clay. 


Return of glacial conditions ; climate not so 
cold as during accumulation of lower 
boulder-clay and till. 


6. Valley moraines. . . Final retreat of the glaciers. 



SUCCESSION OF GLACIAL DEPOSITS, 


427 


Scandinavian Glacial Deposits. 


1. Till, lower and upper, in-'] 
ter-glacial fresh- water clays, > 

&c. J 

2. Perched blocks at high' 
levels [no shelly boulder- 
clay corresponding to that - 
of maritime districts in 
Britain]. 

3. Morainic debris and perched"! 

blocks of mountain regions ; ( 
great deposits of sand and [ 
gravel. J 


o 

4. Asar. 

5. Clays with arctic shells ; 
erratics. 

6. Moraines 


Intense glacial conditions interrupted by 
intervening mild period or periods. 


Ice-sheet melting back. 


Further retreat of the ice ; large rivers from 
melting mor de glace. 

Deposits derived from the melting ice-shoet 
(see 3) denuded and remodelled during sub- 
mergence. 

Climate arctic, but not so cold as 1 ; re- 
elevation of land. 

Retreat of the glaciers. 


Glacial Deposits of Central Eukope. 


1. Grund-moranen or till. -j 

2. Perched blocks at high- 
Icvels, as on the Jura, Mont 
SaRve, &c., in Switzerland; 
UUrichsberg in Carinthia, 
&c. 


3. Perched blocks; degraded 
morainic debris; great de- 
posits of gravel, &c., or di- 
luvium ; lignite beds of 
Durnten, &;c. 

4. Gravel -beds overlying"! 

Swiss lignites ; ancient 1 
river-gravels at Klagenfurt j 
in Carinthia. J 

6. Moraines overlying the'i 
older glacial deposits ; newer I 
river-gravels and loss inf 


part. J 

6. Newer moraines; river) 
gravels and loss in part. ^ 


Intense glacial conditions ; Swiss ice co- 
alescent with that of the Bhick Forest ; 
Rhone glacier descends as far, at least, as 
Valence, in the south-east of France. 


Commencement of retreat of the glaciers. 


Continued retreat of the glaciers, large 
rivers,, and erosion of the river-terraces ; 
climate changing from cold to temperate 
and genial ; elephant, rhinoceros, &c. 


Climate becoming cold ; woolly elephant and 
woolly rhinoceros, &o. 

Return of glacial conditions; new advance 
of glaciers : climate not so intense as during 
formation of older grund-moranen. 

Periodic retreat of the glaoiors. 
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North Ambrican Glacial Deposits. 


1. Till, or Tinmodifiod drift J 

with subjacent and intorca- / 
lated beds. ^ 

2. Boulder-clay of maritime j 

regions in Canada. ' 

3. Morainic debris and perched 1 
blocks at high levels ; pro- 

, bably much of the sand 
and gravel in the interior ^ 
of the countrj^ ; lacustrine 
deposits and buried forests 
of Ohio, &c. 


Intense glacial conditions (general ice-sheet) 
with intervening milder periods. 

Ice-sheet melting back, and followed by the 
sea. 


Continued retreat of the ice ; great lakes 
appear ; these partially silted up ; climate 
becoming temperate, a great forest-growth 
overspreads the latitude of Ohio, &c. ; mas- 
todon, great extinct beaver, &c. 


f Depression of the land ; remodelling of pre- 
4. Mounds, ndges, &c., of < existing drifts and heaping up of kame-like 
gravel and sand. | ridges and mounds. 

6. Leda clay, &c., erratics, 

(ice ; land nsmg. 

6. Valley moraines . . Final retreat of the glaciers. 


A glance at the foregoing tables will show that the 
oldest glacial deposits* have yielded evidence of inter- 
glacial mild conditions in the following countries : — 
viz., in Scotland, England, Scandinavia, and North 
America. That inter-glacial deposits should not be 
equally well developed in the older glacial deposits of 
other countries, ought not to surprise us. We must 
bear in mind that the preservation of such loose in- 
coherent beds must always be exceptional under the 
conditions which are known to have obtained in early 
glacial times. But as I have already enlarged upon 
this point while treating of the Scotch glacial deposits, 
I need not weary the reader with a repetition of the 
remarks referred to. 

There is one important point, however, to which I 
desire to call special attention. It is this: that in 


♦ Tniiflf ift to Bay, the till, unmodified drifty and grmd-moranen> 
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every country where the glacial deposits have been 
studied with any attention to details, we have clear 
and convincing proof of a mild inter-glacial period 
having supervened in what one may term the later 
stage of the glacial epoch. This — ^the last inter-glacial 
period — ^has left its mark alike in the British Islands, 
in Scandinavia and northern Europe, in the Alps and 
central Europe, and in northern America. In Swit- 
zerland the climate of the period referred to was mild 
and genial, the elephant and the rhinoceros being at 
that time denizens of the country. In North America, 
during the same period, a widespread forest covered 
Ohio and doubtless other regions, and the mastodon 
and elephant roamed over the land. Turning to the 
British deposits, wo find that after the disappearance 
of the great ice-sheet underneath which the till was 
accumulated, a land-surface appeared, and large rivers 
eroded the older glacial deposits and laid down great 
beds of gravel and sand. In Scotland these ancient 
river-deposits have yielded only the remains of water- 
rats and frogs. But we have to remember that the 
fresh-water beds in question were at a later date sub- 
merged and remodelled by the action of the sea. Dur- 
ing this submergence wo know from the evidence sup- 
plied by the English middle sands (No. 4) that the cli- 
mate was stiU temperate, although after the depression 
had considerably increased it gradually became colder. 

The middle sands of Lancashire, &c. (No. 4) are 
generally believed to be the only representatives we 
have in England of this last inter-glacial period. I 
have endeavoured to show, however, that in England, 
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just as in Scotland, diy land appeared after the great 
ice-sheet had crept back to the mountains, and that 
rivers flowed in oizr valleys and effected groat erosion 
long before the land sank down below the sea to 
receive its co\"cring of “middle sands.” Have wo, then, 
any remains of that old land-surface in England ? are 
there any English river-gravels that can be correlated 
with the lignite beds of Switzerland ? I believe that 
such river-gravels do exist, and that these have 
hitherto been erroneously referred to post-glacial 
times. The consideration of this important point 
brings us, as we shall presently see, face to face with 
the question of the antiquity of man ; for it is in these 
so-called post-glacial deposits that the earliest traces 
of man have been detected.* 

* In a former publication {Changat of Clnmfe durmq the Glacial Epoch) I 
attempted a correlation of the Swiss and Italian glacial deposits, and Pro- 
fessor Gastaldi has recently done me* the honour to criticise the views therein 
advanced. (“ Appunti sulla Memoria del Sig. J. Geikit*,"’ &e . : Atti della Reale 
Accademia delle Scunzi- di Torino., vol. viii.) Desiring to occupy the text 
with as little controversial matter as possible, I have thought it better to 
reserve to the Appendix what I have to say in regard to the correlation 
referred to. (See Note F.) 



CHAPTEK XXIX. 

CAVE-DEPOSITS AND ANCIENT RIVER-GEAVEIS OF 
ENGLAND. 

Pre-historic deposits — Stone, bronze, and iron ages. — Palaeolithic or Old 
Stone period. — Neolithic or New Stone period. — Universal distribution 
throughout the British Islands of neolithic implements. — Animal 
remains associated with neolithic reli(‘8. — Palaeolithic implements. — 
Absence of intomK'diite types. — ^Iheak between pabeolithic and neolithic 
periods. — Caves and cave-deposits. — Kent’s ca\ern, Torquay. — Succes- 
sion ofdeposits.-Eiver-gravelSj&c., with mammalian remains and palaeo- 
lithic implements. — Geographical changes during pala'olithic period. — 
Gap between neolithic and palaeolithic deposits. 

A FASCIXATIOX attaclies to the early history of 
every people. Wo long to penetrate that mystery 
which the lapse of ages has drawn like a thick curtain 
round the cradle of our race. How eagerly do we 
scan the oldest written records that have any reference 
to our country and its people; and how assiduously 
do we try to shape a coherent story out of those vague 
myths, legends, and traditions which have come down 
to us from the long-forgotten past. But there are 
memorials of man in this as in other coimtrics, which 
date back to so remote a period that even the oldest 
traditions have nothing whatever to say about them. 
The English historian begins his narrative with the 
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Eoman invasion, and the archaeologist until recent 
years could hardly trace the story farther back ; but 
now he can tell us of a time infinitely far beyond the 
first dim beginoings of history and tradition, when 
races of savage men and tribes of wild animals, some of 
which have long been extinct, were denizens of Britain. 
Hitherto we had been taught to look upon Stonehenge 
and the so-called Druid-circles as the oldest memorials 
of man in this country — mysterious monuments belong- 
ing to the shadowy past, about whose age and uses 
only vague conjectures could be offered. If older 
races than the builders of Stonehenge ever lived in 
Britain, we knew nothing, and could hardly hope to 
know anything about them. The past was apparently 
separated fi-om us by a gulf which it was vain to 
think that any ingenuity would succeed in bridging 
over. 

How aU this is changed. The massive monoliths of 
Stonehenge, however venerable their antiquity, seem 
but as structures of yesterday ; the sttmding-stones of 
Avebury, of Callemish, and Steunis, the so-called 
vitrified forts, the round towers of Ireland, and all 
those remains of ancient camps, dwellings, and burial- 
places so abundantly met with throughout the British 
Islands, are of immeasurably more recent date than 
certain rude stone implements which our cave-deposits, 
and ancient river-gravels have yielded. Since Stone- 
henge rose upon Salisbury plains no great change 
in the physical geography of Britain has taken 
place. The destruction of ancient forests and the 
cultivation of the soil have doubtless in some measure 
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altered the aspect of the land, and influenced the cha- 
racter of the climate. Our hills and valleys, however, 
we are sure have remained the same, and even the 
coast-line has experienced probably little change. 
Changes undoubtedly there have been, yet none so 
considerable as to invalidate the truth of the state- 
ment, that since the days of the builders of Stone- 
henge no groat geological revolution has transpired in 
Britain. But the rude stone implements to which I 
ha^ c referred date back to a period when the appear- 
ance presented by our country differed greatly from 
that which obtains now ; and for so vast a time did 
the old tribes who used those rude implements occupy 
the British area, that the slowly-acting forces of 
Nature were enabled, during that time, to bring about 
many geological changes, each of which required long 
ages for its evolution. 

"What, then, is the nature of that evidence which 
has weighed with archsoologists and geologists in 
assigning to man this great antiquity ? It would lead 
me far beyond the limits I have set for myself were I 
here to attempt anything like a detailed account of 
the archaeological evidence. My object will be suflB.- 
ciently served if I give only a brief outline of the 
general results ? * 

All those monuments and memorials of man which 
belong to pre-historic times have been arranged by 
archaeologists Tinder three groups. The classification 

* The reader who desires fuller information must consult Sir J Lubbock’s 
Fie^histortc ItmeSf and Mr. Evans’s Ancient (stone Implemenfe of Qrcnt 
Bn tarn. 
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adopted is based chiefly upon the distinguishing fea- 
tures presented by such objects of workmanship as 
weapons, implements, and personal ornaments. The 
oldest group comprises implements of stone ; next in 
order come bron&e relies ; and these are succeeded by 
tools and weapons of iron. The articles of stone indi- 
cate upon the whole a much lower grade of develop- 
ment than those of metal, and hence archeeologists 
have inferred that the races who used stone-knives, 
hatchets, and hammers preceded in time those to 
whom the use of metal was known. In like manner 
they have argued that cutting-tools and weapons of 
bronze were supplanted by weapons of iron — ^the use 
of iron for such purposes evincing more knowledge of 
the metals and a greater advance in civilisation. 
Hence it is customary to speak of the Stone Age, the 
Bronze Age, and the Iron Age. 

Geological investigations have strongly supported 
this classification — deposits containing the stone im- 
plements having been proved in many ways to be 
older than those which have yielded relics of bronze, 
just as these latter have been shown to belong as 
a whole to an older period than weapons and tools 
of iron. But while we speak of these three ages 
it must be distinctly understood that they are not 
separated from each other by any hard and fast line. 
The manufacture of stone tools and weapons did not 
die out all of a sudden, and the employment of 
bronze immediately succeed. On the contrary, stone 
hammers and implements continued in some use long 
after bronze had been introduced, just as this latter 
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certainly found favour and was extensively employed, 
especially for ornamental purposes, after the advan- 
tages of iron for knives and swords had become 
recognised. 

With the bronze and iron ages, however, the 
geologist proper has comparatively little to do : 
although, did space permit, it could be shown that 
even in regard to the history of these two ages, 
he might have something not uninteresting to say. 
But as I have already remarked, the physical changes 
which have supervened since the beginning of the 
bronze age, sink into insignificance before those which 
can be shown to have taken place during the pre- 
ceding stone age. It is to the relics of this latter 
age, then, and the lessons which these seem to 
teach that I wish now to direct attention. 

The stone age is subdivided into two periods which 
are termed respectively the Neolithic or New-stone 
period, and the Palaeolithic or Old-stone period. To 
the former belong those implements and weapons 
which are often more or less polished and finely 
finished, and which in variety of form and frequent 
elegance of design evince no inconsiderable skill on 
the part of the old workmen. 

These relics occur, it may be said, throughout 
the whole length and breadth of the land — ^from 
the extreme north of Scotland to the south of Eng- 
land, and they are equally abundant in the sister 
island. As a rule, they are met with either at 
or near the surface of the ground, and they very 
frequently appear associated with the remains of 
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such animals as the dog, the horse, the sheep, the 
pig, and certain species of oxen which are believed 
to have been the precursors of the present breeds. 

The weapons and implements belonging to the 
older or paleeolithic period are altogether of ruder 
form and finish. They are merely chipped into the 
requisite shape of adze, hatchet, scraper, or what- 
ever the implement may chance to bo. Although 
considerable dexterity is shown in the fashioning 
of these rude implements, yet they certainly evince 
much less skill on the part of the tool-maker than 
the relics of the newer or neolithic period. It is 
somewhat noteworthy also that while the implements 
of the neolithic period are made of various kinds of 
stones, those of the palaeolithic period consist almost 
exclusively of flint; and so characteristic ai’c the 
shape and fashion of the latter, that an experienced 
archaeologist has no difiieulty in recognising and 
distinguishing them at once from relics of neolithic 
age. 

We find no tools or weapons of intermediate forms 
which might indicate a gradual improvement and pro- 
gress from the rude types characteristic of palaeolithic 
times to the more finished implements used by neo- 
lithic man. The one set of relics is sharply marked 
off from the other. Even a casual observer cannot 
fail to notice the marked difference between a collec- 
tion of neolithic implements and one of palaeolithic flint 
hatchets. Nor can we help thinking that the people 
who used the latter were far less advanced than, and 
decidedly inferior in mechanical skill and contrivance 
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to the race or races by whom the polished implements 
were fashioned. 

A distinct passage can be traced from the new-stone 
period into the age of bronze. We can see plainly 
how neolithic man continued to improve the shape 
and fashion of stone implements, until at last he ac- 
quired a knowledge of the use of metals. But between 
the disappearance of palaeolithic man and the advent 
of his neolithic successor occurs a blank which hitherto 
the ingenuity of archaeologists has failed to bridge 
over. Why is it that while a passage can be traced 
from the new-stone period into the bronze age, the 
two periods of stone should yet be separated by a clear 
line of demarcation ? The social conditions and degree 
of advance shadowed forth by the appearance of the 
rude palaeolithic implements belong to a lower grade 
of civilisation than that which the polished stone 
implements represent. It is not probable, but in the 
highest degree unlikely, that men would suddenly 
and completely abandon the use of rudely-chipped 
flint-hatchets, and all at once, as by a kind of inspira- 
tion, acquire the skill to fashion elegantly-shaped and 
even flnely-polished implements of various kinds of 
stone. Long years were surely required for such a 
measure of progress. Had the palajolithic period 
merged continuously into neolithic times, it seems 
certain that the older rude forms would have been 
gradually improved upon, both as regards shape and 
finish. Moreover, if one may judge from modem 
analogies, this improvement would be a very slow 
process. We know that many savage tribes in build- 
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ing their huts continue repeating the same kind of 
structure from generation to generation, just as the 
birds do with their nests. We know also that in the 
fashioning of their implements and weapons they often 
show extremely little or even no advance whatever 
upon their forefathers. But, as just stated, we find no 
trace of any intermediate age of gradual progress link- 
ing on, as it were, the palaeolithic to the neolithic 
period. If such an intermediate stage had obtained 
in Britain we should long ere this have discovered 
some evidence of it. Nothing of the kind, however, 
occurs, and we must explain its absence as best wo 
may. But the fact of this break in the succession — 
this hiatus or gap in the record — ^wUl be rendered 
more apparent after we have learned something as to 
the mode and position in which the older stone imple- 
ments occur. 

Implements of palaeolithic age are met with in 
caves and in certain ancient river-gravels under cir- 
cumstances which we shall presently see argue for 
these relics a very great antiquity. 

In the limestone districts of England caverns more 
or less abound. These remarkable cavities are tbnned 
by the slow percolation through the rock of acidulated 
water in the following manner. Kain-water, after 
passing over and sinking through the soil, always 
contains a certain proportion of carbonic acid, which 
it has derived fi:om decaying vegetable matter. Thus 
acidulated, it soaks downward through the rock by 
natural cracks and fissures, the walls of which it 
gradually dissolves, and eventually makes its exit at 
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some lower level as a spring or springs of hard water. 
In the course of long ages this constant circulation 
of rain-water and springs, and consequent waste of 
limestone, result in the formation of caves and wind- 
ing galleries, through which very frequently consider- 
able streams have found their way as imderground 
rivers. Thus, both by chemical action and by the tear 
and wear of aqueous erosion, these subterranean gal- 
leries and caves have been gradually widened and 
deepened. When traced from lower to higher levels 
they prove in not a few cases to have once communi- 
cated "with the ui)per surface by wide apertures, 
formed either by the falling-in of the roof or by the 
water eating along some natural fissime. Many of 
those apertures, however, are now closed up with 
calcareous matter and heterogeneous debris. 

After streams had flowed in such underground 
channels for a longer or shorter time, they were often 
at last compelled to abandon them, either owing to 
one or other of the many changes which the subter- 
ranean forces have brought about, or to some local 
shifting of the subaerial part of their course, such as 
frequently happens during heavy floods. Caves which 
were in this way deserted naturally became the dens 
of wild beasts or the abodes of savage men. 

Thus in the phenomena of the English caves we 
have, as Sir Charles Lyell has pointed out, the fol- 
lowing succession of changes : 1st, a period when the 
caves and tortuous galleries were licked out by the 
percolation of acidulated w^tor; 2nd, a time when 
these hollows became the channels of engulphed 
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streams ; and, 3rd, a period when those streams dis- 
appeared, and the caves were occupied by wild beasts 
and men, whose remains are now found commingled 
upon the floors of the caverns. 

Let us now briefly examine the mode in which 
these remains occur. For this purpose it will be 
sufficient to select one example, as this may be con- 
sidered typical of all the others. Our specimen cave 
is the famous Kent’s Cavern near Torquay, which has 
been systematically ransacked for some years under 
the direction of a committee of the British Association, 
the details of the investigation being from time to 
time communicated by Mr. Pengelly, F.E.S., who has 
personally superintended the operations.* 

The deposits met with upon the floor of the cave are 
given in descending order as follows : — 

1. Large blocks of limestone, sometimes cemented 
together by stalagmite. 

2. A layer of black muddy mould, 3 in. to 12 in. 
in thickness. 

3. Stalagmite 16 in. to 20 in. thick, reaching 5 ft. 
in part, almost continuous, containing large fragments 
of limestone, a human jaw, and remains of extinct 
animals. 

4. Eed cave-earth, varying in thickness, and con- 
taining 50 per cent, of angular fragments of limestone, 
with numerous bones of extinct animals, and imple- 


♦ Full details are given in Mr. Pengelly’s interesting yearly reports, 
Brit, Ass, Rep,f 1865 to 1872; the same geologist gives an admirable sum- 
mary of the evidence in a Lecture to the working classes at Manchester ; 
see also Mr. Evans’s uluaent Slofie Implements; and Sir C. Lyell’s Anliquitf/ 
of Man. 
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merits fashioned by the hand of man. Excavated to a 
depth of 4 ft. 

5. Crystalline stalagmite in places 12 ft. thick, with 
bones of the cave-bear. 

6. Breccia and red loam, with remains of the cave- 
bear, and some human implements. 

The large blocks of limestone that cumber the floor 
of the cavern have of course fallen from the roof. The 
layer of black muddy mould which immediately under- 
lies them has yielded portions of the human skeleton, 
along with fragments of pottery and articles of stone 
and bronze. Besides these there also occur bones of 
deer, oxen, sheep, pig, and other animals which are 
still indigenous to the country. There is nothing 
therefore to iiulii'ate tliat this upper dcjiosit is of gi’eat 
antiquity ; some of the remains indeed appear to belong 
to the Romano-British period. 

The black mould rests upon a pavement of stalag- 
mite — a deposit which is formed by the drip of water 
holding carbonate of lime in solution. The accumula- 
tion of this deposit must in most cases be a very slow 
process, nor arc we in much danger of over-estimating 
the time required for the gi'owth of the stalagmite in 
Kent’s Cave. A solid cake of stalagmite, varying in 
thickness from 1 in. to 5 ft., and almost continuous 
over the whole floor of this extensive cave, implies the 
lapse of a very long time. We have to conceive of it 
forming gradually, as drop after drop of lime-water 
fell from the roof and evaporated upon the floor. Kor 
was its accumulation at all likely to have been con- 
tinuous : sometimes the drip would he in one place, 
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sometimes in another ; and indeed portions ol‘ the floor 
might remain unvisited during lengthened periods. 
One may gather some notion of the time required to 
form a layer of stalagmite 5 ft. thick, when he reflects 
that some two thousand years have elapsed since the 
Eomano-British remains were left upon the floor of 
the cave, and that in all that time the deposition of 
stalagmite has been very partial — ^many parts being 
quite free from it, while where thickest it does not 
exceed 6 in. ; in fact the deposit occurs only in 
patches.* 

Below the stalagmite comes a mass of red earth or 
loam, of irregular thickness. It has not been exca- 
vated to a greater depth than 4 ft. Both the stalag- 
mite and the underlying cave-earths have yielded a 
large quantity of bones and teeth of extinct, or no 
longer indigenous, mammalia, commingled with which 
are numerous implements of flint and some of horn, 

“ presenting,” as Mr. Pengelly says, “ a character so 
humble and so little varied as to betoken a very low 
type of civilisation.” 

Scattered throughout the whole deposit, in stalag- 
mite and earth alike, occur many fragments of lime- 
stone, similar to those which overlaid the black 
mould. 

Underneath the cave-earth in certain parts a lower 

♦ Of course, tho rate at which stalagmite forms depends almost entirely on 
the quantity of acidulated water passing through the rock. In some caves 
the rate will be excessive ; in others again it will be very slow. Hence, even 
if we ascertained the rate at which the stalagmite increased in one particular 
cave, still that would give us no criterion by which to estimate the time 
required for the growth of stalagmite in any other cave, for the conditions in 
any two caves are nevet likely to be prcciselj^ the same. 
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bed of stalagmite appears, which reaches in places the 
great thickness of 12 ft. This ancient deposit rests 
upon a second cave-earth or breccia, in which human 
implements and numerous remains of the cave-bear 
have been found. When one reflects on the length of 
time required for the formation of 12 ft. of stalagmite, 
the great antiquity of these lower deposits cannot fail 
to astonish him. 

There are many interesting questions suggested by 
the remarkable commingling of mammalian remains 
in these cave accumulations, but I shall reserve what 
I have to say upon this subject to a succeeding chap- 
ter. Meanwhile the lessons we learn from the English 
caves would appear to be these : — 

1st. That man and certain locally or altogether 
extinct animals co-existed in England at some remote 
period. 

2nd. That the long duration of this period is shown 
by the thickness of the stalagmitic pavements, which 
rest upon and are intercalated with the cave-earth ; 
and by the evidence of drip which is more or less con- 
spicuous all through the cave-earth itself. 

3rd. That after having occupied the English caves 
for untold ages palaeolithic man disappeared for ever, 
and with him vanished many animals now either 
locally or wholly extinct. 

4th. That the deposits immediately overlying the 
stalagmite and cave-earth contain an almost totally 
different assemblage of animal remains, along with 
relics of the neolithic, bronze, iron, and historic 
periods. 
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6th. That there is no passage, but on the contrary 
a sharp and abrupt break, between these later deposits 
and the tmderlying palaeolithic accumulations. 

But if cavern-deposits suggest a high antiquity 
for our race, still more does the evidence supplied 
by certain river-deposits, which now fall to be de- 
scribed. 

It has long been known to geologists that in the 
south and south-east of England sheets and bods of 
gravel frequently occur in positions which are not, and 
never can be, reached by the present rivers. They 
rest upon the gentle slopes of the valleys in those 
regions at a height often of many feet above the 
streams ; nay, they even occur on some hi]l-to])s, and 
are spread over more or less isolated plateaux, that 
terminate abruptly at the margin of the sea — in both 
cases occupying positions which are quite beyond the 
reach of any possible river-floods. Nevertheless, in 
the great majority of cases there can bo no doubt 
whatever that the deposits referred to are actually the 
products of river-action, and were accumulated just 
where we see them by running water. But if this be 
so — ^and it cannot be otherwise — ^then great changes 
in the drainage-system of the south of England must 
have taken place since these old gravels and loams 
were deposited. The accompanying illustration — a 
diagrammatic section across a river-valley — ^will make 
this intelligible. The horizontal line 1 indicates the 
level at which the river flowed when the deposits a 
and d were laid down, a being gravel and d loam. 
The former of these deposits marks out the bed of the 
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ancient rive? at its average flow, while the loam a 
represents the finer material which the water during 
flood-time spread along the low-lyiug slopes of the 
valley. As. the river continued to flow it grad\ially 
ate into the underlying rock, until at last it reached 
the level marked 2. The gravel bed b was then 
formed, and the flood-loam b' was deposited above the 
older gravel bed a. In the same manner, when the 
stream had dug down to the lowest level 3, the gravel 
bed c was accumulated, while the flood-loam c over- 



Fig. ho . — Diagram to explain formation of river-gravels and loss or flood- 
loam : ah c river-gravels, a! V c' flood-loam ; 1 2 3 successive levels of 
river erosion. (After Sir J. Lubbock : Fre-hist. TimeSf p. 381.) 

spread the gravel of the higher level 2. Thus the 
deposits of gravel, sand, and loam that cover the slopes 
of these valleys mark out the successive levels occu- 
pied by the rivers as they slowly excavated the solid 
rocks to attain their present channels. 

That the work of excavation required a long time 
for its performance no one will doubt. The erosion of 
solid rocks by running water,, and the formation of 
thick accumulations of well-rounded gravel are neces- 
sarily very slow processes. Nor is it difficult to under- 
stand that the excavation of a valley thirty or forty 
miles in leiigth, by some half-mile or more in breadth, 
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to a depth of 50 or 100 ft., must have occupied a very 
long time indeed. 

Now in almost all the old gravels which have just 
been described as lying quite beyond the reach of the 
present rivers, and as marking the successive stages of 
that erosion which eventually succeeded in giving to 
the valleys their present depth, flint implements are 
found in greater or less abundance. And from this it 
follows, as a matter of course, that man was an occu- 
pant of our country many long ages before the valleys 
in the south of England wei’e hollowed out and made 
to assume the appearance which they now present. 
In those early times the rivers did indeed flow, for the 
most part, in the same general direction as they do 
now ; but this was at levels, and in positions above 
the highest points which even the heaviest floods in 
our day could attain. 

But this is not all. The old flood-loams and gravels 
have also jdelded numerous remains of many extinct 
animals which are associated with the flint implements 
in such a way as to lead irresistibly to the conclusion 
that both were deposited contemporaneously. All 
these implements belong without exception to the 
palaeolithic period. In none of the ancient river 
deposits do any traces of the neolithic age appear. 
Had polished implements of stone occurred in any of 
these old gravels even in small quantities, they would 
hardly have failed to escape detection ; but when any 
such relics do happen to occur in alluvial deposits, 
these latter are invariably found to occupy positions 
which prove them to be of much more recent date 
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than even the latest accumulations of what we term 
the ancient river-gravels. They are, in short, found 
at or quite close to the surface, and associated with 
such auiTna l s as the pig, the horse, the dog, oxen, &c. 

To those who have never pondered over the subject 
the facts thus briefly stated may possibly not convey 
any vivid impression of the gi’eat antiquity of palfeo- 
lithic remains. Indeed, an adequate conception of 
the vast lapse of time implied can only be attained by 
those who are willing to examine the evidence for 
themselves. Yet before passing to the next part of 
my subject, I may roughly indicate some of the geo- 
graphical conditions that obtained in the south of 
England during the palseolithic period, • in the hope 
that this may convey a livelier impression of the anti- 
quity of man as an occupant of our country. 

When palaeolithic man lived in the south of Eng- 
land the Isle of Wight formed part of the mainland — 
a range of chalk downs, at least 600 ft. in height, run- 
ning east from the Isle of Purbeck, and joining on to 
the ISTeedles. The rivers that traverse Dorset, together 
with the Avon and the Stour, then united in one large 
river and flowed eastwai'ds along a broad valley which 
is now o.ccupied by the Solent and Spithead, while 
Southampton Water at that early period formed merely 
an afiluent of the same great stream.* The gravel 


* The Rev. W. Fox of Brixton was the first to infer the former existence 
of this ancient river ; see Geologist^ vol. v. p. 462. The whole subject has been 
worked out in great detail by Mr. T. Codrington {Quarterly Jourml of the 
Geological Society^ vol. xxvi. p. 628) ; see also Mr. Evans's Ancient Stone 
Implements, p. 605; the two last-named authors arrived independently at 
substantially the same conclusion. 
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tliat paved the bed of this ancient river before it had 
cut its way deep down into the older tertiary deposits, 
is now found capping the cliffs of the mainland at 
heights ranging from 50 ft. to 130 ft. above the level 
of the sea. 

Again, so long a time elapsed during the palaeo- 
lithic age that the Thames at London was able to 
excavate its valley to a breadth of four miles, and a 
depth of not less than 100 ft. Everywhere, indeed, 
throughout the south of England wo have the most 
clear and convincing evidence that the land was worn 
away by streams and rivers which, at the beginning 
of the palaeolithic age, flowed at a height of 20, 40, 
60, or 100 ft., and more above their present levels ; 
and the deepening of these valleys was completed 
before the neolithic age eomracnoed. Everywhere, 
too, we find convincing proofs that during palaeolithic 
times our shores stretched much farther out to sea. 
“ When wo remember,” says Mr. Evans, “ that the 
traditions of our mighty and historic capital, now 
extending across the valley, do not carry us back even 
to the close of that period of many centuries, when a 
bronze-using people occupied this island ; — when we 
bear in mind that beyond that period lies another of 
probably far longer duration, when our barbaric pre- 
decessors sometimes polished their stone implements, 
but were still unacquainted with the use of metallic 
tools; — ^when to the historic, bronze, and neolithic 
ages we mentally add that long series of years, which 
must have been required for the old fauna, with the 
mammoth and rhinoceros, and other to us strange and 



CAVE-DEPOSITS AND RIVER-GRAVELS. 449 

unaccustomed forms, to be supplanted by a group of 
animals more closely resembling those of the present 
day ; — ^and when, remembering all this, we realise the 
fact that all these vast periods of years have inter- 
vened since the completion of the excavation of the 
valley, and the close of the palseolithic period, the 
mind is almost lost in amazement at the vista of anti- 
quity displayed.”* 

In fine, then, whether we have reference to the 
evidence furnished by the eave-deposits or to that sup- 
jdied by the river-gravels, we are alike assured that 
after the disappearance of paleolithic man, and before 
the advent of his neolithic successor, there supervened 
a period of unknown but necessarily of great duration. 
There is no direct passage from the older into the 
newer deposits — the latter overlie the former imcon- 
formably. It now becomes our task to ascertain, if 
possible, what it was which interrupted the sequence — 
to discover what is meant by the break or hiatus that 
separates palaeolithic from neolithic times. 


* Anacnf Stone Jmphmints^ &c., p, 622. 
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riJlIATE OP THE rALJEOLITHIC PERIOD. 

Groups of mammalian remains associated together in pala'olithic deposits. ~ 
Southern, arctic, and temperate species — Theory of annual migrations.- 
Condition of this country during paheolithic period. —Cause of extreme 
climate of Siheiia. — Sujiposcd elevation of Mediterranean area in palaeo- 
lithic times, untenahle. — Probable climatal effects of Rue‘h an elevation. — 
Climate ot western Europe during jiaheolithic peuiod not continental ’* 
hut “ insulai.” — Conclusions. 

TiEFEREXCE has boon made in the preceding 
chapter to the fact that both in cavo-dci)Osits and 
river-gravels human implements arc found associated 
with numerous mammalian remains belonging to species 
many of which are either now locally or wholly ex- 
tinct. The appearance of these remains suggests many 
interesting inquiries, but at present I shall confine 
attention to one question — ^namely, what were the 
climatal conditions under Avhich those animals occu- 
pied our country. 

The species naturally arrange themseh^es in three 
groups : * the first embracing those animals which are 
either at present living in warm climates, or which 


« In these notes I have avEuled myself of the lists given by Mr. Boyd 
Dawkins in several papers ; see Quartet'ly Journal of the Geological Society^ 
vol. XXV. p. 192; Topular Science JRcvieWy 1871, p. 388; Quart. Jour. Geol. Soe.y 
1872, p. 410. 
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have in southern regions their nearest representatives ; 
the second comprising animals of arctic and northern 
habitats ; and the third containing such species as 
inhabit temperate latitudes. 

In the first or southern group we meet with the 
Hon, the tiger, the spotted hysena, two extinct species 
of elephant, and two of rhinoceros, Felis caffer, an 
extinct species of tiger furnished with terrible sabre- 
like teeth, and the hippopotamus. 

In the second or northern group occur the glutton, 
the reindeer, the musk-sheep, the pouched marmot, 
the alpine hare, the lemming, and the extinct mam- 
moth and woolly rhinoceros. 

The third or temperate group comprises the bison, 
the gi’eat inns, the grizzly bear, the cave-bear, the 
Irish elk, and Brown’s deer (the last three being 
extinct species). Besides these we find also the lynx, 
wild cat, ermine, stoat, weasel, martin cat, otter, wild 
boar, horse, heaver, and other smaller animals which 
are still indigenous to Britain. 

The panther, the fox, and the wolf also occur in 
British palaeolithic deposits ; but since these animals 
are capable of hearing great vicissitudes of climate, it 
is evident, as Mr. Dawkins remarks, that they can tell 
us nothing about the climatal condition of our coun- 
try during palaeolithic times. 

l^ow what does this very remarkable assemblage of 
animals indicate ? How are we to explain the occur- 
rence in our caves and river-deposits of species belong- 
ing to such widely-separated zones ? In what manner 
have the hippopotamus, the reindeer, and the musk- 
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sheep become entombed in our ancient superficial 
deposits? I need hardly say it is quite impossible 
that these animals could have lived side by side. The 
musk-sheep, like the reindeer, feeds chiefiy on lichens 
and grasses. In the warm months it ranges to Mel- 
ville Island, and its remains were found by Dr. Kane 
as far north as the dreary regions of Smith’s Sound. 
Even during the coldest season of the year it does not 
wander farther south than the southern borders of the 
Barren Grounds. The reindeer, as every one knows, 
is confined in Europe to Lapland and Norway. The 
hippopotamus, on the other hand, is restricted to the 
rivers of middle and southern Africa. At the same 
time it is highly probable that it may have ranged 
withiix comparatively recent times as far north as 
Nubia. Nay, we may oven admit that the physical 
condition of Egypt is such as would be quite suited to 
the wants of the great river-horse, and that the pre- 
sent restricted range of that animal is due to other 
than climatal causes. But although we thus widen 
the limits within which the hippopotamus might live 
and flourish, there stUl intervenes a vast region up to 
the mountains of Norway, throughout which the con- 
ditions are equally unsuited to the reindeer and the 
hippopotamus. These two animals, in short, belong 
to distinct and widely-separated zones. 

Yarious theories have been proposed to account for 
the intermingling in our superficial deposits of such 
discordant species. Some have held that the hippopo- 
tamus may have been covered, like the mammoth, with 
a thick woolly coat, to enable it to brave the severe 
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wintors of the north ; but it is impossible to believe 
that an animal the greater part of whose time is spent 
in the water could have lived in a country that was 
occupied at the same time by musk-sheep, reindeer, 
and gluttons— the presence of such characteristic arctic 
species clearly indicating that during winter at least 
our rivers were frozen over. 

Another view which has been largely adopted 
attempts to get over the difficulty by assuming that 
during the accumulation of our river-deposits Britain 
was marked by a kind of Siberian climate — ^by strongly 
contrasted summers and winters. The summers are 
supposed to have been so warm and genial that they 
wooed to the latitude of Britain the elephant and hip- 
popotamus, which upon the approach of winter beat a 
rapid retreat to the south — the coimtry they had just 
vacated being next invaded from the north by the 
arctic mammalia. A parallel to this state of things 
was thought to bo found in Siberia, whore at the pre- 
sent day, as is well known, great annual migrations of 
the fauna take place. During the intense cold of 
winter the reindeer roam in vast herds towards the 
south to gain the shelter of the forest-lands, and thus 
encroach upon the province of the moose-deer, or elk, 
where they become the prey of the tiger. As the cold 
of winter disappears the reindeer again pass to the 
north, whither they are followed by foxes, wolves, 
and bears. Similar migrations characterize the fauna 
of the northern latitudes of North America. In both 
cases, however, the migrations are between arctic and 
temperate zones, and are therefore hardly comparable 
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to the migrations which (if this theory be true) must 
have characterized Europe during paleeolithic times. 
The invasion by the reindeer of the province occupied 
by the elk does not astonish us, for their territories 
border and overlap. Eut it is extremely difficult, or 
even impossible, to believe that the musk-sheep and 
the hippopotamus could ever have traversed the same 
country in the same yoai* ; at all events, we know of 
no annual migration so astoimding as this. Further- 
more, it cannot be said that the hippopotamus, the 
rhinoceros, or the elephant arc migratory animals. 
The tiger, as we know, will travel fur from his usual 
head-quarters in pursuit of prey, but we cannot say as 
much for the lion and the spotted hyama. The fre- 
quency with which remains of these animals, more 
especially the hysena, occur in our caves, shows clearly 
that they were not mere summer visitors, but actual 
denizens of the country throughout the year. Look- 
ing therefore simply to the character of those species 
that make up the southern group, there appear to be 
strong grounds for rejecting the “ migration theory.” 
And we arc inclined still more strongly to this opinion 
when we come to consider the climatal conditions 
under which, according to that theory, those animals 
inhabited Britain. 

It is inferred that the southern and northern groups 
oscillated to and fro with the seasons at a time when 
the British Islands were joined to themselves and the 
Continent, and when the conditions wore such that 
snow and ice still covered large areas in Wales, the 
north of England, Scotland, and Ireland ; it is held. 
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in short, that the palaeolithic age conrespouds to the 
latest period of local glaciers in our country. 

Now it woxdd not be difficult to show that, with the 
presence of perennial snow and ice in the high-grotinds 
of Great Britain, our rivers would remain frozen over 
for a great part of the year. During the summer they 
would sometimes burst tlieir icy bonds, and, swollen 
with heavy rains and the torrents derived from the 
melting of the snow-fields and glaciers, would overflow 
the low-grounds and carry devastation far and wide. 
Over broad areas in our valleys, therefore, there could 
be little vegetation.* Such areas as were not covered 
with snow might perhaps support scraggy birch and 
pine, and here and there tall grasses and dwarf willows 
might nestle in sheltered holloAvs ; but mosses and 
lichens would most probably form the prevailing 
growths. If the pleistocene hippopotamus could live 
on such fare, he must have been a more easily satisfied 
animal than his modem representative. It is true 
that in arctic region's the short summer brings into 
bloom a number of pretty flowerets, and causes the 
grasses to shoot up with surprising rapidity ; but this 
is due to the influence of a sun that keeps above the 
horizon during the gi-cater part of summer. A glacial 
period in England, however, would not be tempered 
by the presence of a midnight sun in summer-time. 


* Those who are familiar with the glacier-valleys of Switzerland and 
Scandinavia will understand what I mean. If oven in such valleys tho 
rivers escaping from the glaciers cover wide areas with bairen heaps of 
gravel and shingle, how much more must this have been the case in Biitui/i, 
where, according to tho migration theory, each inUiitjc wmtei was succeeded 
by an excessive summer temperature. 
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With the poor and meagre vegetation therefore which 
a country of this kind would be able to support, the 
herbivora could not have been abundant. Indeed, only 
a very few mammalia could possibly have existed 
under the conditions supposed; and probably none 
of these would belong to that group which con- 
sists of such species as still inhabit the temperate 
zones of Europe and America. If, therefore, we eli- 
minate the whole of this group, we have left only the 
true arctic mammalia — the glutton, the reindeer, the 
musk-sheep, the pouched marmot, the tailless hare, 
and the lemming — to form food for the lion and his 
congeners, the tiger and the hyaena. But how can we 
suppose it possible tliat these carnivora would leave 
the temperate zone (which, when arctic conditions 
supervened in Britain, must have shifted to more 
southern regions of Europe, where no doubt it was 
characterized by the presence of an abundant mamma- 
lian fauna), to prey upon the few reindeer and smaller 
animals that were likely to be found so far north as 
the frozen barrens of England ? Yet we know that 
the hysena at least was a regular denizen of our caves, 
and found matters so comfortable, that, according to 
Mr. Dawkins, its large size, as compared with that of 
the living animal, was probably due to “ the abundance 
of food which it obtained.” 

Such considerations as these have led me to con- 
clude that this theory of annual migrations is un- 
tenable. With glacial conditions in Scotland and the 
hilly grounds of England and Ireland, neither tem- 
perate flora nor fauna could have existed in our 
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country. There could be nothing in such an arctic 
England, therefore, to tempt the herbivora away from 
the rich feeding-grounds of the then temperate zone, 
and just as little to wile the carnivora so far from their 
wonted haunts. And to suppose the hippopotamus, 
the elephant and the rhinoceros capable of migrating 
for enormous distances, and to such a country too, is 
to suppose that these animals differed entirely from 
their present representatives. 

But it has been objected that we have no right to 
infer, from the fact of local glaciers having existed in 
Britain, that the summer temperature during that 
period was ungenial. Large glaciers exist in the 
Alps, and much gi'eater ones fill the upper valleys 
of the Himalaya ; yet, as every one knows, the low 
grounds at the base of these mountains enjoy warm 
and genial climates. Is not it possible, therefore, that 
the same conditions may have obtained in Britain 
during palaeolithic times, and that while glaciers filled 
all our mountain- valleys our lowlands may have basked 
in summer warmth and sunshine. 

Now it can hardly fail to occur to the reader that 
these are not cases in point. Britain is not in the 
latitude of northern India, neither is it in that of 
Lombardy or Provence, while in comparison with the 
Alps and the Himalaya our mountains sink into utter 
insignificance. Those who speculate upon the possi- 
bility of something like a Siberian climate having 
obtained in Britain during palaeolithic times, com- 
pletely ignore geographical and physical considera- 
tions. They find noidhem and southern mammalia in 
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our caves and river-gravels, and jump at once to the 
conclusion that a period of strongly contrasted sum- 
mers and -winters must have characterized Britain at 
the time it -was in the occupation of such discordant 
groups of animals. Yet a little consideration -will 
serve to show that this hasty conclusion is entirely 
opposed to and directly contradicted by all that we 
know of the causes to which the various climates of 
the globe are OAving. 

It is admitted by geologists that diu'ing pala 50 - 
lithic times the jAysical features of our continent were 
much the same as they are now — all the great high- 
grounds, all the groat drainage-systems, were even 
then in existence. Denudation, or the wearing away 
of the earth’s suiface by rains, frosts, and rivers, no 
doubt helped during palteolithic times to modify the 
features of the land, and A'alleys, as wc have seen, 
were scooped out to some depth ; nevertheless, when 
viewed on the large scale, such minor moditications of 
the surface may be disregarded. Then, if this bo so, 
— if the changes referred to were so inconsiderable — 
we may be very sure that since the disappearance of 
palecolithic man, there has been even less change in 
the physical features of Europe. This is one impor- 
tant fact to remember. 

Again, we know that under the present condition of 
things, our continent owes the equableness of its cli- 
mate in great measure to the influence of the Atlantic. 
This is another important fact that we cannot lose 
sight of. Wore an extensive land-surface to be sub- 
stituted for that great ocean, there is good reason to 
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believe that oui- summers and winters would be as 
excessive as those in similar latitudes of Asia and 
North America. 

But at the present day what is the fact ; why, 
simply this, that as we recede fi’om the western shores 
of Europe, and approach the interior of that continent, 
the colder do the winters become, while the difference 
between summer and winter constantly tends to in- 
crease. In England the thermometer rarely sinks 18“ 
below freezing-point, but in the interior of the con- 
tinent, and iinder almost equal latitudes, we find a 
mean of +14’; and “it is not uncommon to see the 
mercury freeze at Kasau. In the interior of Siberia 
it often remains solid for several weeks together.”* 
To show the contrast between the climate of western 
Europe and that of northern Asia, we may compare 
the summer and winter temperatures of Aalesund, in 
Norway, and Jakutsk, on the Lena. These two jjlaces 
are as near as may be under the same latitudes — ^tho 
former being in 62“‘24 N. lat., and the latter in 
62°-5 N. lat. At Aalesund the summer temperature 
is 57“ E., and in winter the thermometer registers 
35° F. At Jakutsk, on the other hand, the tempera- 
ture of summer reaches G2“'2 F., while that of winter 
sinks to 43°’8 below zero. 

Now Avhat are the causes that induce such widely 
divergent climates ? Why is it that places situated 
under the same or nearly similar latitudes do not ex- 
perience the same climatal conditions ? If the reader 
will examine the charts of isothcral and isochimcnal 


♦ Kacmlz’s Compkk Vow^enf Meteor ology^\t 173. 
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lines, he will have no difficulty in perceiving that 
Europe is beholden to the presence of the Atlantic for 
its insular climate. Our winters are ameliorated and 
our summers rendered less excessive by the moist 
winds that are almost continually passing from west 
and south-west across our continent. That is a fact as 
well ascertained as any fact can be. 

In northern Asia the conditions could hardly be 
more strongly contrasted. There no mild and genial 
ocean tempers the severity of winter. Duiing that 
season every wind that blows across Siberia, no matter 
whence it comes, is bitingly cold. The west Avinds, 
that temper our winters with the warmth of the gulf- 
sti’eam, are robbed of then moisture and cooled doAvn 
before they cross the snows of the Ural Mountains to 
pour into Siberia. The gales from the Arctic Ocean 
are still colder ; nor is much warmth derived from the 
winds that sweep northwards from the high Mongolian 
plateau, while at the same time the serenity of the 
sky favours the radiation of the gi’ound. In summer- 
time the conditions arc reversed. Dry and scorching 
winds reach Siberia from the west, and the heat of the 
Mongolian deserts is wafted from the south; while 
owing to the great clearness of the atmosphere the 
northern plains arc soon warmed by the continuous 
shining of the arctic sun : and thus the temperature 
rises rapidly all over Siberia. In North America the 
seasons are also more marked than with us, and the 
causes for this arc somewhat similar to those which 
induce the more strongly-contrasted summers and 
winters of northern Asia. 
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If the present climate of Europe departs so very 
widely from that of other regions in similar latitudes 
of the northern hemisphere, upon what grounds can it 
be supposed that a totally different state of matters 
existed during paleolithic times ? Let it be remem- 
bered that the physical features of the land were 
much the same then as they are now, and that the 
Atlantic Ocean also was certainly in existence. No 
great range of mountains existed then which does not 
exist now, nor have any mountains been formed in 
Europe since palaeolithic man vanished for ever. It 
is true that the British Islands have been separated 
from themselves and the continent, and that a narrow 
strip of land that once extended along the western 
borders of these islands and the mainland has been 
submerged ; but it is idle to imagine that such 
changes could have had the effect which some have 
supposed. Nay, even if we conceived that a large 
part of the Mediterranean existed in the condition of 
dry land* dui’ing palmolithic times, still, that would 
not produce anything approaching to a Siberian 
climate in Europe. 

We know that in the present economy of things 
the climatal influence of the Mediterranean in summer- 
time extends but a very short distance north into 
Europe. It certainly does not cross either the Alps 
or the Pyrenees. A line drawn from Bayonne by 
Viviers and Turin to the head of the Adriatic, 


^ This view has been brought forward by Mr. Dawkins {Quart. Jour. Geol. 
Soc.y vol. xxviii. p. 410), but, as I have endeavoured to show, the evidence 
he adduces is insufficient ; see Geological Magazine., vol. x. p. 49. 
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corresponds to the July isothermal line of 72°’5 F. 
When the same line is continued towards the norlh- 
east into Hungary, it suddenly sweeps down to 
Constantinople ; and, circling round the Black Sea, 
retiims upon itself at Odessa, after which it continues 
for some distance in the normal north-easterly direc- 
tion. That sudden c\u-vc to the south-east is, of 
course, due to the presence of the Black Sea, and 
seeing that the Mediterranean does not influence the 
same isothermal line in cither France, Italy, or 
Austria, it is quite clcai’ that the modifjdng effect 
of this large inland sea has nothing whatever to do 
with the climate of central Europe. South of the line 
refeiTcd to, however, we find the July isotherms 
^iolcntly disturbed. Tliat of 77^ F. runs along the 
shores of the Mediterranean from Barcelona by Per- 
pignan and Montpellier to Toulon. From this place 
it strikes directly south-south-east to Cape Sparti- 
vento, then curves gently on to Palermo, after which 
it sweeps round by Messina and the Gulf of Taranto, 
across Italy, and more than half-way up the Adriatic. 
It then doubles suddenly back upon itself, skirts the 
eastern shores of the Adriatic, and crosses the south 
of Turkey and the .^gean Sea to Mytclene and Asia 
Minor. This irregularity is just as surely caused by 
the presence of the Mediterranean as the abrupt 
curving of the July isothermal line of 72°‘5 is due to 
that of the Black Sea. In short, it is perfectly 
apparent that the isolheral lines in the south of 
Europe are deflected by the inland seas from their 
normal direction, this deflection being confined to 
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the immediate proximity of these basins. But in 
central and northern Europe, all the isotheral lines 
are pushed south by the overwhelming influence of 
the Atlantic; while in the opposite season, aU the 
isochimenal linos are swept boldly north and north- 
east. (See charts at end of volume.) 

Were the Mediterranean to be converted into two 
land-locked seas, the isotheral lines in that area would 
then be less disturbed, and would preserve the 
general south-west and north-east trend which they 
follow in central Europe. The summers in Italy, 
Turkey, and Greece would thus be somewhat hotter 
and drier, but. the general summer temperature of 
Europe would remain unaffected. The winds flowing 
from the south would no doubt be warmer, but they 
would also earry less moisture. When they reached 
the Alps, they A'wld part with their warmth and 
moisture, just as they do now ; but since they would 
bring more of the one and less of the other than at 
present, the snow-fields and glaciers on the south side 
of the Alps would tend to shrink back. Again, the 
isothermal chart shows that the supposed increase 
of land would not produce any appreciable climatal 
effect beyond a short distance into Spain and France, 
u hile not a trace of its infiuence would reach 
England. The Continent, laved along its entire 
western bordex’s by a vide ocean, would be cooled 
over an immense ax-ea by the winds blowing from 
Avest and south-west; such is the case now,* and 

* Sop the late Professor Coffin’s treatise on Ihe “ "WindM of the Northern 
Hemispheie,” ^mithhoman Coutt tbuUons lor 18«33. 
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it must have been equally so in palaeolithic times. 
Thus, even had the warmth derived from the Medi- 
terranean area been much greater than we can con- 
ceive it to haA’^e been, its effect would, nevertheless, 
be counterbalanced, and far more than counter- 
balanced, by the influence of the Atlantic. 

The consideration of this subject brings us back to 
the point which, as I think, has already been sufli- 
ciently proved, namely, that during our local glacier 
period, there could be no great annual migrations 
of the mammalia in western Europe. For, since the 
climate required for such migrations docs not exist in 
Europe now, and seeing that it would ijot obtain even 
if Britain were to become part of the Continent, and 
a large portion of the Mediterranean to be converted 
into land, how can we suppose it possible, that, with 
snow-fields and glaciers in Britain, the climate could 
have been other than cold and tmgenial. Surely, 
under such geographical and physical conditions as 
did actually superA'ene in north-western Europe 
during our latest period of local glaciers, the summers 
must of necessity have been cold, and the vegetation 
poor and scanty. In winter-time, supposing the gulf- 
stream to have flowed then as it flows now, the cold 
would be ameliorated over all western Europe. But 
should it be supposed, that, during our local glacier 
period, the gulf-stream flowed in some other direc- 
tion, then, in the absence of this gi-eat heat-bringer, 
our winters would indeed be excessive, and our 
summers dreary in the extreme. 



I have discussed this theory at some length, 
because, as Ve shall presently see, the question of 
palaeolithic climate has a direct bearing upon the 
antiquity of man. In order, therefore, that I may 
carry the reader along vith me, I shall here briefly 
summarise the points which I have attempted to 
establish in this chapter : — 

1. The migrations of land animals in northern 
Asia and equivalent latitudes in North America, take 
place between arctic and temperate regions. This is 
simply the case of adjacent provinces overlapping 
one another. Inasmuch, therefore, as the migration 
theory asks us to believe that widely-separated zones 



466 


THE GREAT ICE AGE. 


overlapped across the whole breadth of the temperate 
provinces, it is unreasonable, and not supported by 
our knowledge of what actually occurs in nature. 

2. The general character of the southern group of 
mammalia, as exhibited in cave-deposits and river- 
gravels, is non-migratory. 

3. The union of Britaia and Ireland to the Con- 
tinent, across the up-raised beds of the English 
Channel and the Irish Sea, and a great increase of 
land within the area of the Mediterranean, could not 
confer upon Europe a climate in any degree ap- 
proaching to that of Siberia or British America. The 
climate of our continent would still be insular^ and 
consequently great migrations could not take place. 

4. During the last continental condition of our 
islands, snow-fields and glaciers existed in our moun- 
tain regions — ^betokening a climate quite unsuited to 
the needs of the southern mammalia. The winters 
at that period must have been excessive, and the 
summers cold and ungenial. 

5. Lastly, so long as the Atlantic continues to 
wash the coasts of Europe, and so long as the present 
configuration of the land endures, our continent must 
continue to enjoy an insular climate, and there is not 
the slightest physical evidence to show that it pos- 
sessed any other kind of climate during the period 
that the southern mammalia inhabited Britain. 



CHAPTER XXXI. 

GEOLOGICAL AGE OF THE PAL.®OLITHIC DEPOSITS, 


Oscillations of climate. — Cold and warm periods. — Evidence of the river- 
deposits. — Character of the evidence cumulative in favour of former 
climatal changes. — No o^ddcnce of warm post-glacial climate. — Southern 
mammalia not of post-glacial age. — ^Ago of cave-deposits. — No proof that 
they are post-glacial. — Relation of river-gravels to glacial deposits. — 
Age of the boulder-clay at Hoxne, &c. — Roulder-clay upon which palaeo- 
lithic deposits sometimes rest belongs to the older glacial series. — Distri- 
bution of palaeolithic gravels. — Comparison between palaeolithic gravels 
of South England and river-deposits of the north. — Palaeolithic deposits 
not met with in districts that are covered with accumulations belonging 
to the later glacial series, but confined to regions which we cannot 
prove to have been submerged during the latest period of glacial cold. — 
Palaeolithic deposits of inter-glacial, not post-glacial age. — Bulk of them 
probably belong to last inter-glacial period. — ^Recapitulation, 


^HE theory of annual migrations being, as I 
have tried to show, untenable, we can now only 
explain the remarkable commingling of northern, 
southern, and temperate groups in our superficial 
deposits, by assuming that certain great oscillations 
of climate characterized the accumulation of our 
cave-earths and river-gravels. We must admit in 
short that the northern mammalia occupied Britain 
during a cold and arctic condition of things, and 
that on the other hand the southern forms prevailed 
over the same area at a time when our winters were 
mild and genial. 
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This result derives strong confirmation from a 
study of the deposits themselves. In the first place 
it has been shown by Mr. Prestwich and others 
that the ancient river-gravels and loams ■which occur 
at the highest levels above the present streams 
possess certain broad characters that serve to dis- 



Fig. 66. — Generalised diagram-section across tlie valley of the Thames below 
London, greatly exaggerated vertically. (W. Whitiker) : 1. Pebble- 

gravel (pre-glacial) ; 2. boulder-elay ; 3. valley-gravel (highest terrace) , 
4. valley-gravel and brick-earth (lower terraces) ; 6. the Thames and 
its marshes ; X sea level , r tertiary bods and chalk. 


tinguish them in a rough way from the gravels 
and loams that occupy the lower levels of the 
valleys. As a ride the former are the coarser of 
the two, and frequently contain large blocks of 
stone which could only have been transported by 
river-ice. Add to this that the beds often give 
e'vidence of having been subjected to a violent 
“push,” which has tumbled them up and thro'wn 
them into confusion — phenomena which, as Mr. 
Prest'wich has pointed out, could hardly have been 
produced otherwise than by the grounding of heavy 
ice-rafts. The general absence of these appearances, 
and the usually finer-grained character of the in- 
gredients in the low-level gravels would seem to 
point to a milder condition of things — ^to a time 
when the rivers were less liable to fiood, and ice- 
rafts were uncommon. 
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According to Mr. Prestwich * the shells met with 
in the high-level beds have a northerly range, and 
the absence of southern species tends stiU more to 
distinguish these beds from those of lower levels. 
In the latter there occur in great abundance two 
species of shells ( Cyrem fluminalis and Unio lUioralis), 
neither of which are now found living in England, 
but tenanting the rivers of more southerly latitudes, f 
a fact that seemingly corroborates the inference 
deduced from the appearance of the beds themselves. 

Again, it cannot be denied that the northern group 
of mammalia is most characteristic of the high-level 
gravels, and the southern group of those at the lower 
levels. And notwithstanding that remains of both 
northern and southern species are not uncommonly 
commingled, still it is a fact, although, as Sir J. Lub- 
bock remarks, J “too much importance must not be 
attached to the observation, that our ancient hippo- 
potamus has been less frequently found in association 
with the mammoth and the hairy rhinoceros, than 
with Elephas antiquus and Rhinoceros hemitoechus 
(Pale.),” two species which had a more southerly 
range. 

If the high and low-level gravels were deposited 
during different climatal conditions, this “might 
have produced,” as Mr. Evans says,§ “some effect 
on the method of living, and on the implements of 

♦ Philosophical Transaetionsy 1864, p. 278, 

t CyrenaJltminaUs is now extinct in Europe, but it still inhabits the Nile 
and abounds in Cashmere ; Unio littoralis lives in the Seine and the Loire. 

X Pre-historic Times, third edition, p. 299. 

§ Ancient Stone Implements of Great Britain, p. 616. 
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the men of the two periods.” And he thought it 
at one time “probable that a marked distinction 
might eventually be drawn between the high- and 
low-level implements; but so far as Britain is con- 
cerned,” he is now of opinion that “this can hardly 
be done. Still the facies of a collection from two 
different spots is rarely quite the same, and” he 
tbinlcH “there is generally a preponderance of the 
ruder pointed implements in the high-level gravels, 
and of the flat, ovate, sharp-rimmed implements in 
the low-level.” 

Now it may be admitted that none of these facts 
taken separately and alone is quite convincing. The 
character of the evidence, however, is cumulative, 
and when we perceive that the whole points in one 
and the same direction, it is impossible not to feel 
its weight and cogency. Under the assumption that 
considerable changes of climate accompanied the 
deposition of the palaeolithic beds, the facts enume- 
rated above have a distinct and deflnite meaning, but 
they are utterly meaningless, and must even be 
quite ignored if we are to accept the theory of 
annual migrations. 

The feet that the remains of northern and southern' 
forms occur commingled in our river-deposits, is only 
what one might have expected. Those who study the 
formation of fluviatile sediments will quickly under- 
stand how fossils, entombed at widely separated 
intervals, may come to occupy the same level. 
Eivers are constantly cutting down through their 
own deposits, and again Ailing up the excavations 
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they make. In this way gravel and sand are banked 
against similar beds, which may belong to a much 
greater antiquity; and the line of junction it is 
often impossible to determine, the one deposit seem- 
ing to shade into the other. And thus beds which 
appear to be continuous and of contemporaneous 
origin may, and in point of fact do frequently 
deceive us in these respects. There is nothing, 
therefore, abnormal or extraordinary in the inter- 
miugling in our palaeolithic beds of mammalian 
remains belonging to widely separated provinces. 
It would have been surprising indeed had it been 
othcrAvisc, 

So far, therefore, as the direct evidence of the 
beds themselves is concerned, there seems to be 
nothing against but a good deal in favour of the 
theory of changes of climate. That theory not only 
explains appearances which are left unsolved by any 
other hypothesis, but when we come to take a 
wider view of matters, and to consider the relation 
of the palaeolithic deposits to the glacial drifts we 
shall find that no little light is cast upon the interest- 
ing question of the antiqmty of man in Britain. 

From the discussion in our last chapter it would 
be gathered that the palaeolithic deposits are believed 
by certain geologists to belong t© late glacial and 
post-glacial times: that is to say that man and his 
congeners, the mammals of the caves and rivers, 
did not enter Britain until the Great Ice Age was 
passing away. Now if this were so we should be 
forced to admit that at least one warm period had 
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supervened after the disappearance of the last local 
glaciers, and before the advent of the present tem- 
perate condition of things. Such a period of mild 
and genial winters being necessary to account for 
the presence of the hippopotami, elephants, and 
rhinoceri of the caves and river-gravels. 

Have we any evidence, then, for the former 
existence of a warm post-glacial period? It may 
be confidently answered — ^none whatever. There 
are few points we can be more sure of than this, 
that since the close of the glacial epoch — since the 
deposition of the shelly clays, and the disappearance 
of the latest local glaciers — there have been no 
great oscillations but only a gradual amelioration 
of climate. It is impossible that any warm period 
could have intervened after the last cold, and before 
the present temperate conditions, without leaving 
some notable evidence in the superficial deposits of 
Scotland, the north of England, Scandinavia, and 
North America — ^these being the countries in which, 
as we have seen, the passage from the later glacial 
beds to recent accumulations can be most distinctly 
traced. The climate of Britain is milder now than 
at any other period subsequent to the re-elevation 
of our country after the last great submergence; 
our winters have gradually become less intense; 
Britain has slowly passed from an arctic to a tem- 
perate condition of things : and Scandinavian, Swiss, 
and American geologists tell the same tale as regards 
their countries. From all this, then, it follows that 
the southern mammalia could not have lived m 
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Britain during post-glacial times. They must belong 
either to pre-glacial or inter-glacial ages, or to both. 

When "we come to ask why our cave-deposits have 
so frequently been relegated to post-glacial times, 
we get no satisfactory answer. If we put out of 
consideration the upper layers in certain cave-deposits, 
there is really nothing in the bone-earths and breccias 
to limit the age of these accumulations to such a 
recent period. Accordingly, many geologists have 
been of opinion that the mammalian remains oc- 
eurriag in the caverns wore introduced at various 
epochs, and may belong to pre-glacial equally with 
post-glacial times. Buckland thought that the great 
mammals existed in Britain before the period of the 
diluvium or drift; and his belief is shared by 
Mr. Godwin- Austen and some of our leading geolo- 
gists. Professor Eamsay is decidedly of opinion 
that “caves such as those in which mammalian re- 
mains occur must have existed in pre-glacial times ; 
and therefore it would be strange,” he adds, “ if none 
of those explored contained pre-glacial remains.” But 
between pre-glacial and post-glacial times there in- 
tervened several mild inter-glacial periods, during 
which, as I have shown, the climate in Scotland 
was suited to the wants of the mammoth, the rein- 
deer, the Irish deer, the urus, and the horse; and 
I have also pointed out that, so far as geological 
evidence is concerned, there is nothing to show that 
some inter-glacial periods may not have been warm 
enough to cause all the snow and ice to vanish 
from Britain. If such was the case as regards Scot- 
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land, England must have been characterized by 
similar climatal conditions. It is, therefore, not 
necessary to suppose that any large portion of the 
bone-deposits was pre-glacial ; for during intcr-glacial 
periods the caves would form dens for wild beasts, 
just as they must have done in pre-glacial times. 
To some such mild and genial inter-glacial period 
or periods I would refer the hippopotamus and the 
other southern forms met with in English eaves. 
The conditions under which these animals lived 
need not have been comparable to tliose that cha- 
racterize the tropics. All that we are entitled to 
infer is that the winter temperatixre of Britain during 
certain inter-glacial periods must have been mild 
and genial. It is by no means necessary to suppose, 
however, that the summers were much warmer than 
they are now. An equable and genial climate, 
with no great difference between the seasons, would 
nourish an abundant vegetation, and render the 
country habitable by a prolific mammalian fauna. 

Now let us turn our attention to the river-gravels, 
for the purpose of ascertaining what relation they 
bear to the glacial deposits. It has been shown 
that, in some valleys at least, the river-gravels are 
of more recent date than certain accumulations of 
glacial age. Thus, for example, at Hoxne, in 
Suffolk, fresh-water beds containing fiint implements 
were seen by Mr. Prestwich to overlie boulder-clay. 
Erom this it has been inferred ' that these beds, 
and indeed all palaeolithic deposits, are of post-glacial 
age — a conclusion which was reasonable and indeed 
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inevitable, so long as the existence of only ono 
deposit of boulder-clay was known. But in order 
to prove the post-glacial age of the Hoxne river- 
beds, it now becomes necessary to show that the 
boulder-clay at that place can only belong to the 
close of the glacial epoch; for as we have seen 
boulder-clay may be of various ages. There are 
two boulder-clays with intervening sands and gravels 
in East Anglia; in Lancashire and the north-west 
a similar succession of probably more recent date 
occiu^, and the same is the ease in Ireland. In 
Scotland, again, we find fresh- water beds iutercalated 
with the till, and, further, ancient river gravels arc 
seen lying above that stony clay, and covered by 
yet more recent glacial accumulations. Finally, 
distinct breaks representing mild periods occur in 
the glacial formations of Scandinavia, of Switzerland, 
and America. 

To what age, then, docs the boulder-clay at Hoxne 
belong? There can be no doubt whatever that it 
is older than the upper boulder-clay of Lancashire 
and the north-west of England, and certainly dates 
back to a much earlier period than the shelly clays 
and local moraines of Scotland. Indeed, judging 
from its position, so far removed from the great 
centres of glaciation, I had no hesitation in corre- 
lating it with the chalky boulder-clay of Mr. 
Searles V. Wood — a correlation with which my 
friend and colleague, Mr. Whitaker agrees. There 
can be no doubt, he says, that the boulder-clay at 
Hoxne forms part of the widespread sheet that 
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covers Essex, Herts, Beds, Cambridge, Suffolk, 
Norfolk, &c. In short, it occupies the same geolo- 
gical horizon as the boulder-clay that one may trace 
along the north-east coast of England into Scotland 
at Berwick — a deposit fanned at the time when the 
great ice-shcet was shrinking back. It is evident, 
then, that the ancient river-gravels at Hoxne belong 
to a later date than cither the till (No. 1)* or 
boulder-clay (No. 2). This fact, however, does not 
enable us to say that the fresh-water gravels in 
question are of post-glacial ago. Wo know that 
after the deposition of the boulder-clay (No. 2) a 
mild inter-glacial period supervened, and that this 
period was succeeded by a new advance of the 
glaciers and an age of floating ice. This is a case 
in which mere superposition fails to tell us all that 
is necessary to be known, before we can conclude 
that the overlying beds arc of post-glacial age. 

Before we can make up our minds as to the 
geological age of the river-gravels in question, it 
is evident that wo must consider the distribution 
of similar accumulations throughout the country, and 
their relation to the drift-deposits belonging to the 
last cold period. When we have done so, the first 
noteworthy fact that we shall remark is that paleeo- 
lithic river-gravels are exclusively confined to the 
south and south-east of England. They occur in 
the valleys of the Ouse, the Waveney, the Thames, 
the Avon, and their numerous tributaries, and at 
various places along the southern coast of England. 

^ * The figures refer to the numbers in the Tables giren at p. 426. 
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North of the Ouse and west of the valley of the Axe, 
no river*-gravels have yielded any palajolithic imple- 
ments.* Nor has a single trace of gravels belonging 
to this age been anywhere recognised in Wales, the 
northern counties of England, Scotland, or Ireland. 
The tool-bearing drifts are thus singularly confined 
to a somewhat narrow and circumscribed area. 

North of this area we find river-gravels of un- 
doubted post-glacial age lying in the bottoms of 
the valleys, and occupying positions that seldom 
rise more than a few feet or yards above the present 
levels of the streams. They are also, as far as bulk 
is concerned, of inconsiderable importance. The 
palaeolithic gravels of the south, however, not only 
attain a great thickness, but from their position we 
can see that since the time of their formation very 
considerable derangement of the drainage-systems 
has taken place. Mr. Prestwich remarks : “ One 
feature of these deposits is, that although closely 
related to the present configuration of the surface, 
yet they are always more or less independent of 
it. They are often near present lines of drainage, 
yet could not as a whole possibly have been formed 
under their operation.” In short it holds generally 
true that while the palaeolithic gravels of the south 
began to be laid down at a time when the streams 
were commencing to hollow out their valleys, the 
gravels of the north were for the most part not 
deposited until after the valleys in which they 
occur had come to assume much of their present 

♦ Ancient Stone Implemente of Great Britain^ p. 477» 6t eeqq. 



palm)Iithic man wnn (‘oufomjxmiiwom. 

Not for tic inoinciit taking account of cavc-dcpoaitfi. 
we &Dd that bods containing remains of tho fauna 
characteristic of palosolithic times do not occur at 
the actual siu-face in any district that lies beyond 
tho limits reached by the implement-bearing beds. 
To this nile there are very .few exceptions, never- 
theless it is true that remains of tho hippopotamus 
were obtained from an ancient river accumulation 
near Leeds; and some of the northern forms have 
been occasionally met with here and there in different 
parts of the country. Underneath the glacial deposits 
of Norfolk the old mammalia occur in great abun- 
dance; and, as we have seen, similar fossils appear 
in the inter-glacial beds of Scotland. But in the 
superficial river-gravels north of the palaeolithic area, 
they are conspicuous by their absence, and this is 
specially the case with the southern forms. 

How then are we to explain this anomalous dis- 
tribution? It cannot be said that the mammalia 
may never have occupied the midland and northern 
districts. The fact that their bones occur abundantly 
in caves that lie beyond the limits of the palaeolithic 
beds, shows that the animals were by no means con- 
fined to a narrow area in the south-east of England, 
and the occurrence of the hippopotamus near Leeds 
is further proof in the same direction. If the climate 
was suited to the mammalia that swarmed in the 
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south — to elephants, rhinoceri, and hippopotami, 
to lions, hyenas, and tigers— it surely could not 
have been other than genial in the north of England 
and in Scotland. Yet in neither region do any of 
these animals occur in the superficial river-gravels. 

Now, take in connection with all this the remark- 
able fact that the south-east of England, where 
palaeolithic and mammaliferous river-gravels and 
loams are so well developed, is precisely that part of 
the country in which we find no traces of the later 
glaciation, and over which the sea did not prevail 
during the last great submergence of the British area. 
We have seen that some of the palaeolithic gravels 
rest upon a bouldcr-clay which we can recognise as a 
deposit partly of land-ice, partly of marine formation, 
and belonging to the times that preceded the last 
inter-glacial period. After that boulder-clay had been 
laid down, dry land appeared in Scotland and the 
north of England, and at a later date, a movement of 
subsidence ensued which resulted in drowning Wales 
to a depth of probably not less than 2,000 ft. How 
far south the deposits belonging to this great sub- 
mergence go, has not been definitely ascertained — 'the 
southern shores of the old sea that washed the slopes 
of the Welsh mountains yet remain to be traced out. 
All we know is that Scotland, Wales, and the north 
of England were largely submerged; but, when the 
deposits that belong to this period are followed south, 
they become less clearly distinguishable, and are apt 
to be confoimded with the marine deposits (sands and 
gravels) of the older glacial ages. We must, there- 
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fore wait the results of more detailed investigatiom 
before we can attempt to indicate the sontbem 
boimdaries reached by the sea in the midland counties 
of England, during the deposition of the middle sands 
of Lancashire, &c, (See No. 4 in Tables, p. 426.) But, 
although there is this uncertainty as to the southern 
limits of these deposits, there is none as to the fact 
that true paleeolithic gravels do not extend north- 
wards into those districts over which the sea is 
known to have prevailed at the time of the last great 
submergence. So, that, were we to colour on a map 
that portion of the British Islands which is under- 
stood to have been submerged at the period referred 
to, the colour would also serve to indicate the regions 

r 

in which no palseolithio implements have occurred, 
and where the old fauna characteristic of paleeolithic 
times is either entirely absent from the river-gravels, 
or represented by only a few scattered examples, all 
with one exception (that of the Leeds hippopotamus) 
consisting of northern forms. 'On the other hand, 
that part of the map left uncoloured would be co- 
extensive with the districts in which paleeolithic 
implements have been discovered, and where, in the 
ancient river-gravels, remains of the old mammalia 
often occur in great abundance. 

If paleeolithic deposits have a very limited range, 
such is not the case with those of neolithic age. 
Implements belonging to this later age, occur every- 
where throughout the British Islands. From Caith- 
ness to Cornwall, and from the east coast of England 
to the western borders of Ireland, they are being 
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continually picked up. Even in the bleak Orkney 
and Shetland Islands, and all over the Inner and 
Outer Hebrides relics of neolithic times have been 
met with. So that the wide distribution of these 
implements is in strikinj? contrast to the limited 
rauffe of palaeolithic remains. 

We know that neolithic man was accompanied by a 
mammalian fauna that differed very much from that 
with which palamlithio man was associated. Dogs, 
horses, pigs, several breeds of oxen, tin' bison, the red 
deer, the Irish elk, and such like were th(' character- 
istic forms of neolithic times. Remains of these 
animals have occurred again and again in recent 
river- and lake-deposits in almost every part of 
England, Scotland and Ireland. It is doubtful, 
howeAm', Avhether the mammotli and the AV’oolly 
rhinoceros lived in Britain doAvii to m'olilhic times. 
Fm-ther CAudence on this hesid is most desirable. It 
seems, however, to be beyond all reasonable doubt, 
that the southern group of animals had, as far .as 
Britain is concerned, utterly Aainislu'd before' the 
advent of the neolithic period. 

How, then, are all these facts to be accounted for. 
Why are palaeolithic river-gravels restricted to the 
south-east of England, while neolithic remains occur 
broadcast throughout these islands? What is the 
reason for the limitation of the southern mammalia to 
one small area in the south-east, and why should the 
mammoth and woolly rhinoceros occur so abundantly 
in the valley-gravels of that district, while they 
appear so seldom, and that only at Avide interA'als, 
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in the valley-gravels of the north? Beyond the 
palaeolithic area, the great storehouses of mammalian 
remains, both of southern and northern forms, are 
caves, and certain beds which, from their position, we 
can recognise as being of pre-glacial and inter-glacial 
age. 

The answer which I give to all these queries is simply 
this — ^the palsBolitliic deposits are of pre-glacial and 
inter-glacial age, and do not, in any part, belong to 
post-glacial times. They are either entirely wanting 
or very sparingly represented in the midland and 
northern counties, in Wales, Scotland, and Ireland, 
because all those regions have again and again been 
subjected to the grinding action of land-ice, and the 
destructive influence of the sea. But in those 
districts which were never overwhelmed by the 
confluent ice-masses, and in such regions as were not 
submerged during the last great depression of the 
land in late glacial times, the valley-gravels form a 
continuous series of records from pre-glacial times to 
the present day. In short, the paloeolithic beds 
dovetail into the glacial drifts, and are overlapped 
by the marine deposits thrown down during the final 
cold period. To the last inter-glacial period, then, we 
must refer the great bulk of the paloeolithic river- 
gravels of the south-east of England. They are 
contemporaneous with those ancient valley-gravels of 
Scotland which overlie the till and boulder-clay, 
and which are themselves partially re-arranged and 
covered with marine deposits belonging to the time of 
great submergence. No doubt, however, portions of 
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the ancient tool-bearing gravels, especially in the 
districts south of the Thames, may date back to the 
earlier warm periods of the glacial epoch, and thus be 
contemporaneous with the fresh-water beds in the 
Scottish tUl ; while some may go back to even 
pre-glacial ages. All that we can say for certain, is, 
that no palaeolithic bed can be shown to belong to a 
more recent date than the mild era that preceded the 
last great submergence. 

When this view of the succession is accepted, many 
apparent anomalies receive a simple, and, as it seems 
to me, a satisfactory explanation. After the great 
ice-sheet shrank back, and the* till and boiilder-clay 
had been deposited, a land-surface existed — ^rivers 
flowed down the valleys, and plants and animals 
clothed and peopled the country. In Scotland the 
fluviatile deposits belonging to that period have been 
subjected to great denudation, but in one place at 
least they have yielded animal remains — frogs and 
water-rats. But if the country had never been 
submerged after the withdrawal of the ice from the 
low-grounds, there is good reason to believe that the 
presence of relics of palseolithic man, and remains of 
the mammalia with which he was associated, would 
have occurred in the valley-gravels of Scotland, Ire- 
land, and the northern and midland coimties of Eng- 
land, just as in those of the south-east. 

Again, the high-level or older valley-gravels of the 
palaeolithic area, contain a predominance of northern 
forms, and afford other indications of a cold climate 
having prevailed at the time of their formation, while 
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the gravels at the lower levels are charaetcrkod by 
the prevalence of southern tyjm, and othorwiso yield 
proofs of having been deposited under mild conditions 
of climate. This is precisely what we might have 
anticipated. As the land-ice retired into the deep 
mountain-glons, the country would bo invaded first 
by the arctic mammalia ; the rivers would be liable to 
be frozen over, and, upon the breaking-up of the frost 
in summer-time, ice-rafts would run aground and 
thrust the fluviatilc deposits into confused heaps. As 
the climate ameliorated, and the rivers excavated 
their valleys to a greater depth, the arctic mammalia 
would gradually retire, and be succeeded by animals 
belonging to more temperate zones. The southern 
mammalia would thus come later in time than the 
northern forms, By-and-by a process of submergence 
ensued, and (as the evidence derived from the glacial 
and inter-glacial deposits in both this and foreign 
countries clearly shows), this depression of the land 
took place at a time when the mild climate still 
endured. Step by step the whole land, as far south, 
probably, as the middle of England, was submerged 
to a very considerable extent, and then a glacial 
condition of things supervened for the last time. 
While an icy sea flowed over so large a portion of 
the British Islands, it is obviously impossible that 
any of the temperate or southern mammalia could 
have lingered on in the south-east of England. They 
must have disappeared before the cold had reached its 
climax, and although, for aught we can tell, they 
may have been succeeded for a time by the arctic 
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T Tinmniali'a., yet even these would eventually be 
compelled to migrate southwards as the severity of 
the climate increased. When, at last, the process of 
submergence ceased, and was converted into a move- 
ment of elevation, we know that the British Islands 
became connected to themselves and the Continent, as 
had doubtless been the case durmg the preceding mild 
inter-glacial period. Local glaciers yet filled our 
mountain- valleys, and the land was again clothed and 
peopled with plants and animals. Ecindeer at first 
roamed over the country, but eventually an abundant 
mammalian fauna stocked our plains and valleys — 
consisting of oxen, red deer, Irish elks, horses, and 
other animals characteristic of temperate zones. It is 
extremely uncertain, however, whether the mammoth 
and the woolly rhinoceros returned to their old 
haunts. Certainly none of the southern m ammalia 
ever did — ^thesc had vanished for ever, and with them 
j)ala3olithic man had also disappeared — ^his neolithic 
successor being now the lord of the soil. 

It is thus, then, that I would explain the anoma- 
lous distribution of the palaeolithic deposits, and that 
remarkable* gap or hiatus which separates the neo- 
lithic from the palaeolithic age. 



CHAPTER XXXII. 

GEOLOGICAI. POSITION OP NEOLITHIC, PALEOLITHIC, AND 
MAMMALIPEROUS DEPOSITS OF FOKEIGN COUNTRIES. 


Palaeolithic deposits wanting in Switzerland. — Mammalia of inter-glacial beds. 
— Swiss post-glacial deposits belong to neolithic, bronze, and more recent 
periods.— Post-glacial deposits of northern Italy of neolithic or more recent 
age. — Mammalian remains of Piedmont. — Pahnolithic tools and remains of 
southern mammalia nowhere iound in superficial deposits overlying the 
great northern drift. — Wide distribution of neolithic implements over 
northern Europe. — Inferences. — Palaeolithic man and the southern mam- 
malia not post-glacial. — Distribution of the old mammalia over Siberia 
and North America.— Proofs of mild climates within Aictic Circle. — Trees 
in Greenland. — Mammalia absent from districts covered with the later 
glacial deposits, but abound in the districts beyond. — General con- 
clusionB. 


TF the conclusions now arrived at in regard to the 
pre-glacial and inter-glacial position of palseolithic 
remains and the old mammalia he reasonable, they 
ought not to contradict, but, on the contrary, should 
receive confirmation from the evidence supplied by 
other regions. I propose, therefore, to discuss very 
briefly the relation home by the great mammal-bear- 
ing beds of Switzerland, Italy, and North America to 
the glacial deposits of those countries. 

In Chapter XXVII. it will be remembered that 
some account is given of certain lignite beds which rest 
upon the ancient ground-moraine of the Swiss low- 
lands, and are covered by accumulations belonging to 
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the last groat advance of the glaciers in that country.* 
With those lignites are associated the remains of 
elephant and rhinoceros — ^both southern forms — and 
other mammalia, none of which are northern. There 
is no doubt that the underlying ground-moraine cor- 
responds to our till, and just as little that the over- 
lying glacial debris is the Swiss equivalent of our 
kames, ice-floated en-atics, and shelly clays ; in other 
words, the Swiss lignites occupy exactly the horizon 
of our palaeolithic gravels. 

With this singular notable exception, nowhere in 
the Swiss low-grounds do any remains of the southern 
mammalia occur. Eelics of the neolithic and bronze 
ages are plentiful — bones of dogs, pigs, deer, sheep, 
horses, &c., turn up in every recent alluvium — ^but not 
a single trace of any of the southern mammalia or of 
palaeolithic man has ever been discovered. The mam- 
moth and the woolly rhinoceros have been disinterred 
from the old loams of the Ehine and other rivers, but 
lions, tigers, hippopotami, elephants, and hyaenas are 
nowhere visible. Now, on the assumption that these 
animals and palaeolithic man did not live in Europe 
after the last great increase of the Swiss glaciers, their 
absence from the surface alluvia and gravels is pre- 
cisely what we should have anticipated. The deposits 
which may once have contained them have been well- 
nigh obliterated — the only fragments left being the 
lignite beds of Diimten and W etzikon. It may be, how- 
ever, that underneath the vast deposits of loss belonging 
to the last cold period, palmolithic deposits lie concealed. 

* See also Appendix, Note F. 
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The same facts meet us on the Italian side of the 
Alps. Marl-beds and peat-bogs occur in many places, 
particularly in Piedmont, where the latter occupy de- 
pressions in the surface of the ancient glacial moraines. 
Traces of lake-dwellings (Palafitte) are found beneath 
these old peat-mosses, and answer in every respect to 
the similar relics met with in Switzerland (Pfahl- 
hauien). The animal remains associated with the 
palafitte are the dog, horse, ox, goat, sheep, stag, roe- 
buck, boar, bear ( Ursm arctos), &c.* Nowhere have 
the mosses, alluvia or marl-beds (which are all clearly 
of later date than the moraines belonging to the last 
extension of the alpine glaciers) yielded any trace of 
the old southern mammalia or of paleolithic man. The 
hmnan relics all belong to neolithic, bronze, or still 
more recent times. 

It is well-known, however, that beds of lignite and 
river accumulations containing remains of the mas- 
todon, the rhinoceros, the hippojjotamus, &c., occur 
in Piedmont. These deposits are older than the mo- 
raines of Ivrea and the great heaps of similar debris 
lying at the mouths of the lake- valleys of Northern 
Italy. According to the Italian geologists they 
must bo correlated with the lignite beds of Dumten 
and Wetzikon in Switzerland, and hence are not of 
pre-glacial or post-glacial but of inter-glacial age. 

Palaeolithic implements are said to occur in the 
gravels of the Tiber, f but they have not been dis- 
covered in fluviatile deposits in any other part of Italy. 

Gastaldi, fair Eab^latiom a}7(l rti-htsioi h Eemnins u} Italy 
•f Am tent Stont Impkhxenl^ &c., p. 571. 
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So also in beds of sand near Megalopolis, in Greece, 
palseolithic implements are associated with bones of 
the great pachyderms j * and palseolithic valley- 
gravels containing remains of the AMcan elephant 
occur near Madrid. -f It is in France, however, in the 
valleys of the Somme and the Seine, where such de- 
posits are most typically represented. 

In Scandinavia, Denmark, Holland, northern Ger- 
many and Eussia no palaeolithic gravels have been 
detected, neither have the remains of the more charac- 
teristic southern genera — Ilippopotamus, Elephas anti- 
quum, Rhinoceros megarhinus, and R. leptorhinus (Owen) 
— I'ver occurred in any superficial river deposit 
tliroughout that vast area. The lion and hyaena, how- 
ever, have loft their traces in the caves of Germany. 

Now when one thinks of it, this distribution of 
paleolithic and mammalian remains is a very remark- 
able one. For when we put aside the caves we find 
that no paheolithic implements and none of the south- 
ern mammalia occur in those regions which are more 
or less thicldy covered with the sand, gravel and 
en-atics belonging to the northern drift. Holland, 
Denmark, northern Eussia, and the whole of northern 
Germany, from the borders of the Baltic down to near 
the base of the Hartz Mountains and the Eiesenge- 
birge, are abundantly covered with plateaux and heaps 
of drift in the hollows of which occur numerous lake- 
lets and pools. These deposits form what has long 


* Op ct loc tit 

b Op, et loc cif 80 C also f asiano de Prado’s DcsaipctOR Jihtca y geologica 
(It la Pjoumia flo Madudf p 186 
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been known as the Northern Drift, and they undoubt- 
edly belong to the last cold period of the glacial epoch. 
Hence, as we have seen, they are the equivalents of the 
kames, shelly clays and ice-floated erratics of Britain. 
Now over all this area the superficial river-deposits 
have yielded only remains of the present temperate 
fauna, with human implements belonging to neolithic 
or still more recent times. Of the earlier palscolithic 
age they contain no trace whatever. Similarly, in the 
great valleys that drain down from the Central Alps — 
the Bhine, the Ehone, the Danube, and the Po — we 
find immense accumulations of flood-loam or loss, the 
upper portions of which at least must belong to that 
last cold period during which the glaciers advanced 
upon the lowlands of Switzerland and overwhelmed 
the forest-lands of Zurich. Now it is a fact that 
hitherto the only human rohes foimd resting upon 
these deposits appertain to neolithic and more recent 
times. Neither palscolithic implements nor bones of 
the southern mammalia have there been detected. It 
is only when we get fairly beyond the limits of the 
“alpine diluvium” belonging to the latest era of 
great glaciers, that palscolithic deposits come on in 
force, as in the north-east of France. 

No one wiU be inclined to believe that, at a time 
when the hippopotamus and the southern forms of 
elephant and rhinoceros were joint tenants of England 
and the north-east of France, these animals never 
strayed into similar latitudes of Germany. During 
the paleolithic period Britain was united to the Con- 
tinent, and it is in the highest degree unlikely 
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that man and his southern congeners were then 
restricted to the few river-basins in Western Europe, 
where their remains are now met with. Besides, as 
we know from* the evidence of the eaves, palaeolithic 
man was a denizen of Germany, and the lion and the 
hyaena were his congeners there. 

No sooner, however, do we admit the iater-glacial 
age of the palaeolithic river-deposits than all our diffi- 
culties vanish, and the manner in which the gravels 
arc distributed becomes full of meaning. 

After the great iner dc glace that extended from 
Scandinavia to the plains of Germany had retired, 
and the massive Ehono glacier had retreated from the 
low-grounds of France and once more shrunk into its 
mountain valley, and when the mighty ice-streams 
that invaded the plains of Piedmont had melted 
away, vegetation followed the retreating steps of the 
ice, and paleolithic man, accompanied by the arctic 
mammalia, wandered over Europe. As the climate 
grew milder these latter gradually migrated north- 
wards, and were succeeded by the temperate and 
southern groups ; and, seeing that the hippopotamus 
ranged as far at least as Leeds in England, there is no 
reason why it should not have followed some of the 
great European rivers down to the shores of the 
Northern Ocean. The Elbe, the Weser, the Ehine 
and the Meuse were surely as likely to tempt the old 
river-horse to a bath as the smaller rivers of England. 
Nor were such waters as the Bhone and the Po likely 
to be despised. 

This period of mild and genial winters eventually 
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passed away, but before it did so certaiu great changes 
in the geography of Europe took place. A large part 
of the British Islands and Scandinavia sank down 
below the sea, and Denmark, Holland, the plains of 
Germany, and northern Bussia also disappeared below 
the waves. But as this wide-spread depression reached 
its climax, the last cold period of the glacial epoch 
began. Ice-rafts and icebergs floated south from 
Scandinavia and the British mountaius, and dropped 
their blocks and rubbish over the drowned eoim- 
tries. At the same time huge glaciers descended 
all the valleys of the Alps, and, advancing upon the 
low-grounds of Switzerland, overwhelmed the forests 
and here and there buried beneath their debris de- 
posits containing remains of the southern and tem- 
perate mammalia. The rivers, greatly swollen, swept 
down vast quantities of fine glacial silt, underneath 
which were concealed such of the palasolithic beds as 
the rivers themselves had not demolished and re- 
arranged. The southern mammalia had left Europe, 
and in their place came the northern forms — ^mam- 
moths and woolly rhinoceri, the mammoth ranging 
into southern Italy — and at a still later date herds of 
reindeer, which lived south as far as the slopes of the 
Pyrenees. Glaciers then existed in the Vosges, and 
the Black Forest, and those of the Pyrenees exceeded 
in size their present puny descendants. 

After this glacial condition of things had lasted for 
a long time, the climate began to ameliorate. In the 
north of Europe the land again slowly rose out of the 
sea, but the old fresh-water deposits which had been 
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laid down in palaeolithic times, had, in the interval of 
depression, suffered extensive denudation. Over wide 
areas they had entirely disappeared — waves and 
currents had ploughed them up, rearranged their 
materials, or buried them under accumidations of 
gravel and sand. Again, in the great valleys of the 
Alps, the glaciers had entirely demolished them — the 
only traces of them preserved being the lignites of 
Diirnten, and the bone-beds and lignites of northern 
Italy. In the lower reaches of the valleys that drain 
from the Alps, vast sheets of loss had been distri- 
buted — obscuring and concealing any palaeolithic beds 
which may have existed at the surface before the last 
cold period commenced. But beyond the glaciated 
regions, and south of the area which had beeu sub- 
inergcd, the old valley-gravels, with their interesting 
memorials of man and his associates the southern 
mammalia, were left undisturbed. 

When the re-elevation of northern Europe had 
been so far completed as again to joiu the British 
Islands to themselves and the Continent, the climate 
still continued cold and ungenial. The mammoth 
and its associate the wooUy rhinoceros, seem to have 
lived down to this time in central Exirope, although, 
as I have said, it is doubtful whether they ever 
revisited Britain. But palocolithic man and the 
southern mammalia not only did not re-enter Britain, 
but would even appear to have beconae extinct in 
Europe. 

It was neolithic man, who, after the last ice period 
had passed away, became the sole occupant of Eimope 
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— his rclif# btnng found every^’hore throughout the 
contiiU'Df, avcomimiMl by the rtmuins of that group 
of mammuliii which is still characteristic of these 
latitudes. 

We must no\r glance at the distribution of the old 
mammalia in the higher latitudes of Asia and North 
America. The great plains of Siberia, extending 
from the base of the Ural Mountains to Behring’s 
Straits, arc traversed by several large rivers, ■which 
in many places have exposed fine sections of those 
extensive alluvial beds that almost everywhere 
throughout this vast region form the subsoils. These 
alluvial deposits are often literally packed with the 
remains of mammoth, woolly rhinoceros, bison, and 
horse. So abundant, indeed, are remains of the 
mammoth, that for many years they have actually 
been quarried for the sake of the ivory — in 1 821 , no 
less a quantity than 20,000 lbs. of this product 
ha'ving been obtained from New Siberia alone. The 
Liakhov Islands and New Siberia have evidently 
formed at one time a portion of the Asiatic continent 
— indeed, they appear to be chiefly composed of 
ancient river alluvia, which are scarped into a series 
of low cliffs along the coast — ^the resort of the ivory 
hunters, where they may be seen every summer 
digging the mammoth-tusks out of the frozen soil 
which has partially thawed. The fossils are usually 
well-preserved. Indeed, on one occasion, the actual 
carcass of a mammoth was exposed in one of the 
cliffs in so fresh a state, that the dogs ate the 
flesh. 
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The presence of these numerous animal remaiM 
indicates the former prevalence of a milder climate in 
Siberia than now. For we can hardly doubt that 
the animals actually occupied the low-lying tracts 
through which the rivers of northern Asia flow. At 
the same time it is evident, that, during winter, 
carcasses would frequently be frozen into the ice in 
the upper reaches of the rivers, and, when summer 
returned, would often be floated down for long 
distances before they became finally entombed. It is 
impossible to believe, however, that all the remains 
which occur so abundantly along the whole bor- 
ders of the Arctic Sen, have been floated down in 
this way from lower latitudes. By far the larger 
proportion must belong to creatures that lived and died 
in the latitudes where their bones are now found. 


It is remarkable, that, nowhere in the great plains 
of Siberia do any traces of glacial action appear to 
have been observed. If cones and mounds of gravel 
and great erratics like those that sprinkle so wide an 
area in northern America and northern Europe had 
occurred, they would hardly have failed to arrest the 
attention of explorers. Middendorff does indeed 
mention the occurrence of trains of large erratics 
which he observed along the banks of some of the 
rivers, but these, he has no doubt, were carried down 
by river-ice.* The general character of the tundras 
is that of wide flat plains, covered for the most part 
with a grassy and mossy vegetation, but here and 
there bare and sandy. Frequently nothing inter- 


* Re%s$H in den au^aersten not den md oaten S^birlena, Band iv. Theil i. p. 269. 
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venes to break the monotony of the landscape. The 
eye wanders over a sealike expanse that stretches far 
away until it seems to blend with the blue distance. 
Hero and there, i)erhaps, a slight roll of the ground 
makes a faint low arch against the pale horizon, and 
serves as a landmark to Samojede and Ostjak, biit 
otherwise the ocean of the tundra extends without 
interruption — an interminable plain.* 

It would appear, then, that in northern Asia 
representatives of the glacial deposits which are met 
with in similar latitudes in Europe and America 
do not occur. The northern drift of Russia and 
Gcnnany ; the asar of Sweden ; the kames, eskers, 
and erratics of Britain ; and the iceberg drift of 
northern America have ai^parently no equivalents in 
Siberia. Consequently we find the great river- 
deposits vidth their mammalian remains, which tell of 
a milder climate than now obtains in those high 
latitudes, still lying undisturbed at the Burfacc.f 
We must now take a rapid glance at the distribu- 
tion of mammalian remains in North America. 

In the regions lying to the west of the Rocky 
Mountains (Alaska), we have a continuation of the 
same physical conditions that characterize the more 
northerly latitudes of Asia, namely, groat plains 
intersected by large rivers. Along the banks of these 
rivers, north of Mount St. Elias, numerous mam- 

♦ Schrenck’s Reute durch die Tundren der Ramojeden^ Theil i. p. 271 . Some 
good descriptions of Tundra landscapes will be found in G. Konnan’s Tent 
Life in Siberia. 

t It is by no moans improbable that the mammoth and woolly rhinoceros 
may have survived in northern Asia down to a comparatively recent date. 



FOREIGN PALEOLITHIC, ETC., DEPOSITS. 497 


nialian remains (especially the mammoth) have been 
detected. In Kotzebue Sound, Captain Beechey 
found that the "wasting of the frozen cliffs was 
continually exposing the bones and tusks of mam- 
moths and other quadrupeds — among which were 
urus, reindeer, musk-ox, a large deer (perhajis the 
moose), and others. But in the northern latitudes 
cast of the Eoeky Mountains, no such mammalian 
remains have been detected. According to Sir J. 
Eichardson, “ none have hitherto been found in 
Eupert’s Land, though the annual waste of the banks 
of the large rivers and the frequent land-slips would 
have revealed them to the natives or fur-traders had 
they existed oven in small numbers. They are rare 
also, or altogether wanting, in Canada.”* 

Nevertheless, proofs are not wanting of a formei’ 
mild condition of things having prevailed "within 
comparatively recent times in the far north of British 
America. Sir Edward Belcher brought away from 
the dreary shores of Wellington Channel (lat. 75“ 
32' N.) portions of a tree which there can be no 
doubt whatever had actually grown where he found 
it. The spot where it was found lay about a mile 
and a half inland. I give the account in Sir 
Edward’s own words. He says : “ I at once perceived 
that it was no spar, and not placed there by human 
agency : it was the trunk and root of a tree, which 
had apparently gro"wn there and flourished, but at 
what date who "will venture to say ? It is, indeed, 
one of the questions involved in the change of this 

* Jmrnalof a Boat Voyage through BuperCs Land, vol. ii. p. 210. 

K K 
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climate. As the men proceeded with the removal 
of the frozen clay surrounding the roots, which were 
completely cemented, as it wore, into the frozen mass, 
breaking off short like earthenware, they gradually 
developed the roots, as well as what appeared to be 
portions of leaves and other ])arts of the tree, which 
had become embedded where they fell, and now wore 
barely distinguishable — at least, not so much as some 
impressions on coal — to the casual observer. . . . 
When a warmer climate prevailed here, this tree 
possibly put forth its leaves and afforded shade from 
the sun : most ferv('ntly did I just now wish for its 
return. . . . Two neighbouring mounds were also 
dug into, but they proved to be peat — doubtless other 
stumps and vegetable matter, the only remaining 
traces of what might at some distant period have been 
a forest. All the surrounding earth and tufts of 
grass indicated this spot to have been the bottom of 
some lake or marsh.”* Dr. Hooker, who carefully 
examined the piece of wood brought by Sir Edward, 
pronounced it to belong to a species of pine, probably 
to Pinus {Abies) alba, the most northern conifer, 
which advances as far north as the sixty-eighth 
parallel. The structure of the wood was foimd to 
differ remarkably in its anatomical characters from 
that of any other conifer with which Dr. Hooker was 
acquainted, and the peculiar conditions of an arctic 
climate seemed to him to afford an adequate explana- 
tion of the appearances presented, "f 

♦ The Last of the Arctic Voycufce^ vol. i. p. 380. 

t Op. eit. p. 381 ; British Aisoctation Report for 1855, p. 101. Captain 
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With the exception of this discovery of Sir Edward 
Belcher’s, and possibly also of those mentioned in the 
note below, we have no direct evidence whatever that 
any milder climate than the present has prevailed in 
British America since the disappearance of the great 
ice-sheet.* The whole sui’face of the country, fro’ii 
the shores of the Arctic Ocean doTO to the latitudes 
of the great lakes, and even considerably farther 
south, is more or less abundantly sprinkled with 
drift deposits — with till, and heaps and hummocks 
of sand and gravel, and numerous eiTatics. Yet 
nowhere over this wide area, doAvn to the borders 
of the United States, do the extinct mammalia 
appear in any post-glacial deposits. In the neigh- 
bourhood of the great lakes they occur in fi’esh- 


liIcCluro discovered in Banks’s Land, in lat. 74*^ 48', many fossil-trees, as well 
as fragments Jiiot fossilised, lying over a wide extent of ground [Discovery 
of a North-West Dassage^ p. 208). Again, trmiks of trees, which had 
evidently grown in situ, were detected in l*rinco Patrick’s Island, in lat. 
76® 12' N. long. 122® W., by Lieutenant Mecham. Two of these measured 
respectively 4 ft. in circumference, and a third 2 ft. 10 in. ; one of the 
former reached 30 ft. in length. Unfortunately the species was not deter- 
mined, but according to the ship carpenter it resembled larch. “When 
comparatively dry, it was tried us fuel, but its viilue had gone ; it threw out 
little or no flame, but smouldered rather than burnt, like so much tinder 
( Voyage of B.M.S. Resolute, McDougall, pp. 292, 293). It is highly pro- 
bable that all these trees belong to the same period as the pine described 
by Sir Edward Belcher, but without a geological examination of the ground 
it would be hazardous at once to conclude that they do. The remains of 
trees, &c., of miocene age occur so plentifully within the Arctic Circle, that it is 
just possible that the trees discovered by McClure and Lieutenant Meoham 
may be referable to miocene times. 

* I am aware that several arctic explorers are of opinion that the climate of 
Greenland has altered for the worse within quite recent times. The huts of 
Esquimaux have been met with in places which are now not visited by the 
natives. And this, taken in connection with other evidence, points as some 
think to a somewhat milder climate having prevailed in those regions within 
even historical times. But the succession of a few unusually mild years 
would possibly explain all the appearances referred to. 
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water clays, along ■with, abundant vegetable remains, 
and these clays are clearly overlaid by glacial deposits. 
It is only when the southern limits of the northern 
drift arc appi’oachcd, that the extinct mammalia 
begin to bo found in any numbers at the very sur- 
fae(' ; and their remains occur in greatest profusion in 
the regions which have not been reached by the drift. 

Professor J. I). Whitney has given a remarkable 
illustration of these phenomena in his dcscri])tion * of 
the “driftless region” of Wisconsin, Iowa, mul 
Minnesota, lie tells us that a considerable area, 
chiefly in Wisconsin, and near the Mississippi River, 
is quite destitute of drift, and this is the more' 
remarkable sc'cing that the regions to the north,' 
■west, east, and south are all more or less deeply 
covered with such deposits. 

Whitney describes the sui'face of the rock within 
the driftless region as being uneven and irregidar, 
and bearing the raaihs of chemical rather than of 
mechanical erosion. This is esj)Ocially the case 
where limestone or dolomite forms the rock in place. 
No glacial furrows or striae, no drift scratches, and 
no evidence of the rock having been jdaned down 
to a level are anywhere visible. A A*ariable thick- 
ness of surface-wash overlies the rocks, Avhich is 
evidently the result of weathering and chemical 
action. From these and other facts WTiitney con- 
cludes that the region under re^view “must have 
formed an island at the time when the great currents 
from the north were bringing down the detrital 

♦ Htpori of the Geological Sumy of Wueonsm, vol.i p. 114, et sqq. 
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materials, which are spread over so vast an area 
in the northern hemisphere.” 

Now throughout this remarkable region the re- 
mains of numerous extinct mammalia have again 
and again been detected. They occur promiscuously 
embedded in the surface-wash, or in cracks and 
crevices of the Imicstone. The animals mentioned 
are mastodon, elephant, buffalo, extinct species of 
peccary, racoon, and several rodents, &c. Many of 
these were got in clayey loam at considerable 
depths fi'om the surface, as much as 40 ft. in som(‘ 
cases, indicating the lapse of a long period since 
the time of them entombment. 

Beyond the driftless region, however, in those 
tracts that are thickly covered with the gravel, 
sand, and boulders laid down during the “ iceberg ” 
period (see table No. 5, j). 428), no mammalian remains 
occur in superficial or post-glacial deposits. In such 
districts they arc only met mth occupying an inter- 
glacial position. 

> ^ ^ 

Thus, in the western as in the eastern hemisphere, 

we are confronted with precisely the same phenomena. 
In regions which can be proved never to have been 
overridden by the great continental glaciers, and 
in districts which give no evidence of submergence 
during the latest period of glacial cold, the extinct 
mammalia occur in less or greater abundance at the 
very simface. In Britain, and central Europe, the 
old ossiferous alluvia, when traced from the low- 
grounds to the mountains, disappear as soon as 
the iceberg-drift, moraines, and alpine diluvium are 
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reached. Nowhere in morainic turbaries or alluvium 
which can be demonstrated to be of post-glacial age, 
do any of the extinct southern mammalia or palaeo- 
lithic implements appear. But when the hippopo- 
tamus, the elephant and their congeners do occur, 
in regions that arc covered by the latest glacial 
deposits, they invariably occupy inter-glacial or infra- 
glacial positions. The great plains of Siberia never 
could have nourished glaciers. We cannot conceive 
that even during the most intense cold of the glacial 
epoch, conditions similar to those which characterized 
Britain, Scandinavia, Switzerland, and North America, 
could have existed in northern Siberia : the absence 
of high-grounds, and the comparative dryness of 
the climate, must have prevented any acciunulation 
of glacier-ice. Nor can I learn that marine deposits 
similar to our shelly marine clays and iceberg-drift 
cover any portion of northern Asia. If morainic 
debris, mounds and cones of sand, and large erratics, 
like those of North America, occurred in Siberia, 
travellers would hardly have failed to notice them. 
Siberia would thus appear to have escaped the glacial 
and marine erosion which overtook a large part of 
Europe and North America, and consequently river- 
deposits belonging to mild inter-glacial, and pre- 
glacial ages have been preserved. Hence the great 
bone accumulations of northern Asia appear only 
where wo might have anticipated they would. It 
is otherwise, as we have seen, with the corresponding 
latitudes in British America. Over all that vast 
region the evidences of glacial action are most con- 
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ppicuous, and nowhere do the extinct m ammalia 
occur. The trees discovered by Sir E. Belcher and 
others, while belonging to a later date than the 
great glaciation, arc in all probability older than 
the period of submergence and floating ice. 

The anomalous distribution of the extinct mammalia 
appears inexplicable on the assumption that the 
ossiferous beds arc all of post-glacial age ; but if 
they belong for the most part to intcr-glacial times, 
the mode of their occuiTcncc is precisely what might 
have been expected. It seems indeed impossible 
to resist the conclusion that — at the time palaeolithic 
man and the southern mammalia frequented the 
lower latitudes of Europe (where their remains occui’ 
so abundantly in river-gravels and cave-deposits), and 
while mammoths, horses, buffaloes, and oxen roamed 
over northern Sibciia — Scotland, Ireland, Denmark, 
Scandinavia, and other regions of northern Europe 
also supported an abundant mammalian fauna, and 
that the mastodon and its congeners likewise occupied 
what are now the wooded regions and barrens of 
North America. • And the remains of those creatures 
seldom or never occur iu the regions referred to, 
because the deposits which once contained them have 
either been obliterated by the action of ice and the 
sea, or they are covered up and concealed by drift 
accumulations. 



CHAPTEE XXXIII. 

CONCLUSION. 

O 0 many diverse threads of evidence have now been 
followed, that it may be well rapidly to catch 
these up, and so weave them into one connected 
whole. Hitherto we have followed the analytical 
method, we must now in conclusion pursue the 
synthetical, and endeavour to build up the story 
of that chequered past, whose records wo have just 
been perusing. 

Upwards of 200,000 years ago the earth, as we 
know from the calculations of astronomers, was so 
placed in regard to the sun that a series of physical 
changes was induced, which eventually resulted in 
conferring upon our hemisphere a most intensely 
severe climate. All northern Europe and northern 
America disappeared beneath a thick crust of ice 
and snow, and the glaciers of such regions as Switzer- 
land assumed gigantic proportions. This great sheet 
of land-ice levelled up the valleys of Britain, and 
stretched across our mountains and hills down to 
low latitudes in England. Being only one con- 
nected or confluent scries of mighty glaciers, the 
ice crept ever downwards and outwards from the 
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mountains, follo'wing the direction of the principal 
valleys, and pushing far out to sea, where it ter- 
minated at last in deep water, many miles away 
from what now forms the coast-line of our country. 
This sea of ice was of such extent that the glaciers 
of Scandinavia coalesced with those of Scotland, upon 
what is now the floor of the shallow North Sea, while 
a mighty stream of ice flowing outwards from the 
western seaboard obliterated the Hebrides, and sent 
its icebergs adrift in the deep waters of the Atlantic. 
In like manner massive glaciers, bom in the Welsh 
and Cumbrian mountains, swept over the low-grounds 
of England, and united with the Scotch and Irish 
ice upon the bottom of the Irish Sea. At the same 
period the Scandinavian mountains shed vast ice- 
bergs into the northern ocean, and sent southward 
a sheet of ice that not only filled up the basin of 
the Baltic but overflowed Eiiiland, and advanced 
iipon the plains of northern Germany; while from 
every mountain-region in Europe great glaciers 
descended, sometimes for almost inconceivable dis- 
tances, into the low countries beyond. 

Ere long this wonderful scene of arctic sterility 
passed away. Gradually the snow and ice melted 
and drew back to the mountains, and plants and ani- 
mals appeared as the climate ameliorated. The mam- 
moth and the woolly-coated rhinoceros roamed in our 
valleys, the great bear haunted our caves, and pine- 
trees grew in the south of England ; but tlje seasons 
were still well marked. In winter-time frost often 
covered the rivers with a thick coat of ice, which the 
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summer again tore away, when the rivers, swollen 
with the tribute of such receding glaciers as still lin- 
gered in our deeper glens, rushed along the valleys 
and spread devastation far and wide. By slow degrees, 
however, the cold of winter abated, while the heat of 
summer increased. As the warmth of summer waxed 
the arctic mammalia gradually disappeared from our 
valleys, and sought out northern and more congenial 
homes. Step by step the climate continued to grow 
milder, and the difference between the seasons to be 
less distinctly marked, until eventually something like 
perpetual summer reigned in Britain. Then it was 
that the hippopotamus wallowed in our rivers, and the 
elephant crashed through our forests ; then, too, the 
lion, the tiger, and the hyaena became denizens of the 
English caves. 

Such scenes as these continued for a long time ; but 
again the climate began to change. The summers 
gi’cw less genial, the winters more severe. Gradually 
the southern mammalia disappeai’cd, and were suc- 
ceeded by arctic animals. Even these, however, as 
the temperature became too severe, migrated south- 
ward, imtil all life deserted Britain, and snow and ice 
were left in undisputed possession. Once more the 
confluent glaciers overflowed the land, and desolation 
and sterility were everywhere. 

Puring these great oscillations of climate there were 
not infrequent shiftings in the distribution of land 
and sea; but such vicissitudes, although doubtless 
producing local effects, certainly do not seem to have 
been the causes of the chief climatal changes. It is 
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much more likely that the mild inter-glacial periods 
were induced by eccentricity of the earth’s orbit, 
combined with precession of the equinoxes. 

"Wo cannot yet 'say how often such alternations of 
cold and warm periods were repeated ; nor can we be 
sure that palaeolithic man lived in Britain during the 
earlier warm intervals of the glacial epoch. But since 
his implements arc met with at the bottom of the very 
oldest paleolithic deposits, and since we know that 
the animals with which he was certainly contempo- 
raneous did occupy Britain in early inter-glacial ages, 
and even in times anterior to the glacial epoch itself, 
it is in the highest degree likely that man arrived 
here as early at least as the mammoth alid the hippo- 
potamus. 

Bo this, however, as it maj’, the evidence appears 
to be decisive as to the presence of man in Britain 
during the last mild intor-glaeial period. And this 
being so, it is startling to recall in imagination those 
grand geological revolutions of which he must have 
been a witness. 

During the last inter-glacial period he entered 
Britain at a time when our country was joined to 
Europe across the bed of the German Ocean; at a 
time when the winters were still severe enough to 
freeze over the rivers in the south of England ; at a 
time when glaciers nestled in our upland and moun- 
tain valleys, and the arctic mammalia occupied the 
land. He lived here long enough to witness a com- 
plete change of climate — to see the arctic mammalia 
vanish from England, and the hippopotamus and its 
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congeners take their place. At a later date, and while 
a mild and genial climate still continued, he beheld 
the sea slowly gain upon the land, imtil little by little, 
step by stop, a large portion of our country was sub- 
merged — a submergence which, as we know, reached 
in Wales to the extent of some 2,000 ft. or there- 
about. We know, further, that simultaneously with 
the partial drowning of the British Islands a vast area 
in northern Europe also sank down below the waves. 

When this great submergence commenced, the cli- 
mate, as I have said, was genial ; aud it continued so 
up to a time when the subsidence had reached, or 
nearly reached a climax. Then it Avas that the last cold 
period began.* Intense arctic cold converted the rocky 
islands which then represented Britain into a frozen 
archipelago. From the ice-foot that clogged the shores 
fleets of rafts set sail, and as they journeyed on dropped 
angular stones and rubbish over the bottom of the sea. 
At the same time icebergs floated away from the Scan- 
dinavian mountains, and streAA'cd their burdens over 
the submerged districts of northern Europe, while the 
alpine glaciers crept out upon the low-grounds of 
Switzerland and overwhelmed the forest-lands of 
Zurich and Constance. 

A similar succession of changes transpired in North 
America. After the continental ice-sheet had retired 
for the last time great lakes appeared, and a luxuriant 
forest-growth overspread the land, which became the 
resort of a prolific mammalian fauna — mastodons, ele- 
phants, bufialoes, pcccaiics, and other animals. By- 
and-by, liowever, depression ensued, and icebergs. 
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issuing from the frozen north, scattered over the 
site of the old forest-lands, eiratics, and heaps of rub- 
bish. 

During this latest cold period of the glacial epoch, 
palaeolithic man, for aught that we can say, may have 
occupied the south of Europe ; but it is in the highest 
degree unlikely that he lived so far north as the un- 
submerged portions of southern England. 

Another great change now ensued. Those mysterious 
forces by which the solid crust of the globe is elevated 
and depressed now again began to act — the sea gra- 
dxially retreated, and our hills and valleys eventually 
reappeared. Step by step the British Islands rose out 
of the waters, until for the last time they became 
united to the Continent. Snow, however, still covered 
oiu: loftier mountains, and glaciers yet lingered in a 
few of our mountain-valleys. The treeless land was 
now invaded by the reiudeer, the moose-deer, the 
arctic fox, the lemming, and the marmot, and neo- 
lithic man likeAvise entered upon the scene : his palceo- 
lithic predecessor had, as far as Britain and northern 
Europe arc concerned, vanished for ever. 

Thus the palaeolithic and neolithic ages are sepa- 
rated by a vast lapse of time — by a time sufficient 
for the submergence and re-elevation of a large part of 
Europe and a very considerable change of climate. 

In early neolithic times the climate was somewhat 
excessive, but as ages passed away it gradually became 
ameliorated. A strong forest-growth by-and-by covered 
the country, and herds of oxen wandered in its grassy 
glades ; but the southern mammalia never returned to 
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their old haunts, and it is even doubtful whether' the 
mammoth and the woolly rhinoceros again appeared in 
Britain. They seem, however, to have still, lingered 
on for a time in central Europe. 

As years rolled on the sea again stole in between 
our islands and the Continent, until a final severance 
was eficcted. It is beyond my purpose, however, to 
trace the later changes. Fi'om early neolithic times a 
gradual improvement and progress attended the efforts 
of OTir barbaric predecessors, until at length a period 
arrived when men began to abandon the use of stone 
implements and weapons, and for these to substitute 
bronze. And so, passing on through the age of bronze 
and the days of the builders of Stonehenge, we are at 
last brought face to face with Ihc ago of iron and the 
da'wn of history. 

[Postscript. — A remarkable discovery has just been announced. 
Mr. Tiddeman writes to Mature, Nov. 6, 1873, that amongst 
a number of bones obtained during the exploration of the Victoria 
Cave, near Settle, Yorkshire, there is one which Mr. Busk has 
identified as human. Mr. Busk says : “ The bone is, I have no 
doubt, human ; a portion of an unusually clumsy fibula, and in 
that respect not unlike the same bone in the Mentone skeleton.” 
The interest of this discovery consists in the fact that the deposit 
from which the bone was obtained is overlaid, as Mr. Tiddeman 
has shown, “ by a bod of stiff glacial clay containing ice-scratched 
boulders.” Here, then, is direct proof that man lived in England 
prior to [the last inter-glacial period. I have said above (p. 507) 
that it is highly lijiely that man may have occupied Britain in 
early inter-glacial or pre-glacial times; but I hardly looked for 
so early and complete a confirmation of views which I first 
published in the beginning of 1872.] 
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Table of Sedimentahy Strata. 


POST-TERTIARY . 


CAINOZOTC or TERTIARY 


MESOZOIC or SECONDARY 


PALEOZOIC or PRIMARY 


ClrATEUNARY OF PLEISTOCENE. ♦ 

I Plioce.ve.* 

' Miocene.* 

( EoOENK.* 

( CRhTACEOXJS.* 


J Jurassic * 

( Tkiahsic. * 

Permian.* 

CaRIIoNIFEROV'.* 

Devonian or Old Red Sandstone.* 
Silurian.* 

Cambrian. 

I Lauuentian. 


The Formations marked vrith an asterisk hfivc all been considered to yield 
evidence, more or less satisf icioiy, of the lonntT action of ice. But in some 
cases the proofs are hardly convincing. It must be remembered that tho 
records of mild and genial climates arc more likely to be preserved than are 
traces of cold and glacial conditions. The form-'r will usually be represented 
by abundantly fos^iliferous marine and fresh- water deposits. In the case of 
the latter, a few ice-floated stones and boulders are all the relics that are 
likely to be handed down. The ice-markings on the rocks, and the morainic 
accumulations of mountain-valley and lowland, aie almost certain sooner or 
later to be obliterated. Take, for example, the Glacial or Drift Formation of 
Quaternary times. Even now, the action of tho weather, of frost, and 
rain, and rivers, is slowly but surely effacing the marks left by the old glaciers. 
And should our islands eventually become submerged, it might well be that, 
as the land sank down, what the atmospheric forces had failed to obliterate 
would succumb to the action of the sea. Should the land be afterwards 
re-elevated, it is very doubtful indeed if a single recognisable trace of former 
glacial work would remain. The farther back we go in time, therefore, tho 
more difficult must it become to detect evidences of ice-action. The older 
formations consist for the most part of deposits which gathered on the floors 
of ancient oceans. Very few land-surfaces have been preserved. Conse- 
quently, if wc are to find in the older formations any traces of former glacial 
cold, it ^nll consist for the most part of scattered stones and boulders 
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embedded in the heart of oceanic accumulations. Noverth less, there are not 
wanting, even in some of the palaeozoic formations, deposits which bear the 
strongest resemblance to morainic debris. Of course, when we are dealing 
with formations so far removed from ua in time, and in which the animal- 
and plant-remains depart so widely from existing forms of life, we can hardly 
expect to derive much aid from the fossils in our attempts to detect traces of 
cold climatal conditions. The arctic shells in our post-tertiary clays are con- 
vincing proofs of the former existence in our latitude of a severe climate ; 
but when we go so far back as pulmozoic ages, we have no such clear evi- 
dence to guide us. All that paheontologists can say regarding the fossils 
belonging to these old times is simply this, that they seem to indicate, gene- 
rallv speaking, mild, temperate, or genial, and even sometimes tropical, con- 
ditions of climate. Many of the fossils, indeed, if wc are to reason from 
analogy at all, could not possibly have lived in cold seas. But, for aught that 
we know, there may have been alternations of climate during the deposition of 
p ich particular formation , and these changes may be marked by the presence or 
absence, or by the greater or less abundant dtsvelopmenl of certain organisms 
at various horizons in the strata. Notwithstanding all that has been done, 
our knowledge of the natural history of those ancient seas is still very 
imperfect ; and therefore, in the present state of our information, we are not 
entitled to argue, from the general aspect of the fossils in our older forma- 
tions, that the tempera tore of the ancient seas was never other than mild 
iind genial. 

It is beyond my purpose in this Note to do more than jot down a few instances 
of what have been considered as indications of former ice-action. 

The oldest, or Laurentian, foiTnation consists of rocks which have been so 
highly altered from their original condition, that, even if they had ever con- 
tained any evidence of old ico-action, it must have boon obliterated. 

I am not aware that any trace of ice-action has ever been recorded in 
connection with the Cambrian, but I have sometimes thought that the conglo- 
merates belonging to this formation, in the north-west of Scotland, might 
possibly have had a glacial origin. 

In the Lower Siluiian of the south of Scotland (Glen App and Dalmelling- 
ton) we find large blocks and boulders (from one foot to five feet in diameter) 
of gpieiss, syenite, granite, &:c., none of which belong to the rocks of that 
neighbourhood. lnde(‘d, no such rocks, of older age than the Silurian, occur 
nearer than the Laurentian rocks of the north-western Highlands and islands. 
Possibly the boulders may have come from some ancient Atlantis ; and, 
considering the great size of the blocks, and the considerable distance they 
may have travelled, it is not unreasonable to conjecture that ice may have 
had something to do with their transport. No ice-markings, however, have 
been observed upon any of the stones ; nor, when we reflect upon the vast age 
of this deposit, co\ild these bo expected to have resisted the long-continued 
action of percolating water. Professor Dawson records a somewhat similar 
instance in the Lower Silurian of Maimanse, Lake Superior, where a conglo- 
merate occurs with boulders two feet in diameter. Again, in the Upper 
Silurian of Nova Scotia, the same author has detected beds of angular stones 
and chips, “ the materials of which seem precisely similar to that which is at 
present produced by the disintegrating action of frost on hard, and especially 
schistose and jointed rocks.^* 
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The conglomerates belonging to the Old Red Sandstone formation in 
the north of England and in Scotland have appeared to several competent 
observers closely to resemble a consolidated boulder-drift. In the south of 
Scotland, however, and probably in north of England also, the conglomerates 
hitherto assigned to the Old Red Sandstone formation really appertain to the 
base of tho Carboniferous. My colleague, Mr. R. Etheridge, jun., informs 
mo that in certain localities near Victoria, Australia, he and his colleagues 
observed a conglomerate which in some places reached at least one hundred 
feet in thickness, and which Mr. Selwyn was inclined to reg^ard as probably 
of glacial origin. The latter author says : “ The character of the conglo- 
merate beds is such as almost to preclude tho supposition of their being due to 
purely aqueous transport and deposition. It is, however, very suggestive of 
tho results likely to be produced by marine glacial transport ; and the mix- 
ture of coarse and fine, angular and water-worn material, much of which has 
clearly been derived from distant sources, would also favour this supposition.*' 
The deposit occurs, Mr. Etheridge informs me, at many localities throughout 
the colony, with a slightly varying matrix. Grooved and scratched stones 
have not been observed. Mr. Selwyn classed the deposit provisionally as 
Devonian. Great beds of conglomerate occur at the bottom of the Carboni- 
ferous, in various parts of Scotland, which it is difficult to believe are other 
than ancient morainic debris. They are frequently quite unstratified, and 
the stones often show that peculiar blunted form which is so characteristic of 
glacial work. Those are confusedly huddled together in a dull, tough arena- 
ceous matrix; and the whole deposit will sometimes continue to exhibit 
these appearances over a wide area. Ever and anon, however, we detect 
traces of water-action ; tho stones become more rounded, and are spread out 
in more or loss regular layers or beds. The coarse, unstratified portions so 
closely resemble till, that only a practised eye can distinguish tho difference 
at a glance ; and many geologists who had not previously tried their hammers 
on the deposit, might well mistake it for a post-tertiary glacial accumulation. 
It is typically developed in the Lammermuir Hills district, and appears also 
in Ayrshire, Arran, and other regions in the west of Scotland. None of tho 
stones, as far as I am aware, have ever shown glacial stria). Erratic blocks 
have occurred in certain French Carboniferous strata, and Mr. Godwin- Austen 
has attributed the transport of these to floating ioo. In North America the 
Carboniferous deposits appear also to have yielded what seems to be evidence 
in the same direction. Thus, in Ohio for example, a boulder of quartzite, 
17 in. by 12 in. in diameter, was found embedded in a seam of coal and 
overlying shale ; and Profoasor Newberry has suggested that it may have 
been transported by ice down some ancient Carboniferous river, and so dropt 
into its present position, where eventually the sediment covered it up. 
Similar boulders in coal have been met with elsewhere in America. Pro- 
fessor Dawson also mentions the occurrence, in the Lower Carboniferous of 
Nova Scotia, of angular fragments and chips of various hard rocks cemented 
together, which he thinks may fairly be regarded as evidence of somewhat 
intense winter cold, in the same way as the angular debris detected by him 
in the Upper Silurian of Nora Scotia. But he cites a still more remarkable 
example from the coal formation of that oolony. This he describes as a 
gigantic esker of Carboniferous age, ** on the outside of which large travelled 
boulders were deposited, probably by drift-ice ; while in the swamps within, 
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the coal-flora flourished, and fine mud and coaly matter were accumulated.” 
At the recent meetings of the British Association at Bradford (September, 
1873), Mr. Blandford doscribod what he took to be evidence of ice-action in 
certain Carboniferous deposits in India. 

Professor Ramsay has given a detailed account of the occurrence, in Per- 
mian conglomerate, of blunted and well-scratchod stones, which seems con- 
clusively to prove the existence of glaciers and icebergs in England at some 
time during that far-distant age. The same author has further suggested 
that similar accumulations in Germany, belonging to the Permian, betray like 
traces of old ice-action. 

The New Red Sandstone (Triassic) of Devonshire has yielded scattered 
blocks or erratics, which Mr. Godwin- Austen was the first to attribute to the 
action of floating ice. Mr Pengelly, however, thinks that the blocks need 
not have travelled far, but might have been moved along an ancient shore- 
line by breakers. 

In the north of Scotland, a coarse boulder conglomerate is associated with 
the Jurassic strata in the cast of Sutherland, the ])ossibly glacial origin of 
which long ago suggested itself to Professor Ramsay and other observers. 
Recently, Mr. Judd has come to the conclusion that the boulders were floated 
down by ice from the highland mountains at the time the Jurassic strata 
were accumulating. 

The Cretaceous formation has likewise jdelded what Mr. Godwin- Austen 
has suggested are ice-home stones and boulders. These (*rratics have been 
detected not only in the chalk of England, but also in the Cretaceous strata 
of the Alps. It is possible, however, that some of these may have been 
carried seawards, attached to the roots of drifted trees ; and others, again, may 
have been floated away by some of the larger sea-weeds. But according to 
Mr. Godwin-Aiisten, vnth whom Sir C. Lyoll agrees, only coast-ice could 
have transported the block and stones got in the white chalk near Croydon. 

In the Eocene strata of Switzerland erratics have been mot with, some of 
them angular and others rounded. They often attain a large size ; blocks 
ten feet long boing not uncommon, and one oven measured 105 ft. in length, 
90 ft. in breadth, and 45 ft. in height. Some of the blocks consist of a kind 
of granite, which is not known to occur anywhere in the Alps. 

The Miocene of the Moncalieri-Valcnza hills, in the north of Italy, has 
been shown by Professor Giistaldi to contain enonnous blocks of alpine 
rocks, which require us to call in the agency of floating ice to account for 
their presence. 

The Quaternary embnices, of course, the glacial and associated deposits 
which form the subject of this volume. 

Now, if we were to judge only from the general aspect presented by their 
organic contents, we should be forced to admit that none of these formations, 
from the Silurian down to the Miocene, afibrded any trace whatever of cold 
or glacial conditions. Yet that very cold conditions did supervene during 
the continuance of some of these formations, seems indisputable. Geologists 
are staggered by the appearance of glacial deposits in the Permian— a forma- 
tion whose fossils indicate mild and* genial rather than cold climatal condi- 
tions. The occurrence in the Eocene, also, of huge, ice-carried blocks seems 
incomprehensible, when the general character of the Eocene fossils is taken 
into account, for these have a somewhat tropical aspect. So likewise the 
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appoaxanoe of ice-transported blocks in the Miocene is a sore puzzle. 
The fossils embedded in this formation speak to us of tropical and sub- 
tropical climates having prevailed in Central Europe ; nay, more, Miocene 
deposits have been detected in high arctic latitudes. Species of sequoia, 
coniform, poplar, willow, beech, oak, plane-tree, walnut, plum or primus, 
buckthorn, Andromeda, Eaphnogene, and several other evergreens, grew 
during Miocene times in North Greenland ! Even in Spitzborgen, abundant 
traces of the same kind of vegetation have been preserved. Yet it was pre- 
cisely during thejcontinuance of this period or age that the great erratics 
were carried down from the Alps, and dropped on what was tlion the sea- 
bottom in the North of Italy. These apparently contradictory appearances, 
may, however, bo satisfactorily accounted for by inferring a former alter- 
nation of cold and warm climates, like that which I have tried to show pre- 
vailed during Quaternary times. It is singular, to say the least of it, that 
the beds which contain those great erratics {Eocene and Miocene) are won- 
derfully barren of fossils ; and there is nothing, therefore, in the palsoonto- 
logical evidence that need cause us to hesitate in attributing the prosonce of 
the large erratics in the Eocene find Miocene to former severe conditions of 
climate. Indeed, the very fact that evergreens found during Miocene times 
a congenial habitat in North Greenland and Spitzborgen shows, on the prin- 
ciples explained in Chapters viii., ix. and x., that the eccentricity of the 
earth’s orbit had then attained a high value, and that a series of gonial and 
glacial climates must consequently have alternated in our hemisphere at that 
time. For the same reason, 1 sec nothing contradictory in concluding, with 
Professor Pamsay, that glaciers existed in England during the Permian 
period, even although the plants and shells, Ac., usually mot with in Permian 
strata seem to indicate mild climatal conditions. The more charaeteristic 
Permian (‘onglomerates ate unfossilifcrous ; so also are those coarse boulder- 
beds belonging to the Carboniff^rous, tho Old Red Sandstone, and the Lower 
Silurian. It might quite well be that during the continuance of each and 
all of those periods, cold and mild climat(*8 alternated. Silurian and Carhoni- 
foroiis fossils arc obtained in high arctic latitud(‘8, and wo should not there- 
fore feel surprised if those formations in our own or analogous latitudes 
should occasionally exhibit traces of severe climatal conditions, 

A few references to papers describing traces of ice-action in the older for- 
mations may not be without use : — 

Explanation of Sheet 14, Ayrshire, p, 7, and Explanation of Sheet 7, Ayr-' 
shire, Geol. Surv. of Scot. p. 8 ; Canadian Naturalist,yo\. ii. p. 6, and vol. vi. ; 
Physical Geology and Geography of Victoria, p. 16 ; History of the Isle of Man 
(Camming)’; “ Geology of Eastern Berwickshire,” Mem, Geol. Surv. Gt. Brit. 
p. 41; Eeport Geol. Survey of Oho for 1870; Acadian Geology, p. 324; 
American Naturalist, vi, p. 439; Quart. Jour. Geol. Soe. 1865, p. 186: 
Philosophical Magazine, April, 1866 (Ramsay : Reply to Sir C. Lyoll) ^ Quart. 
Jou^. Geol. Soc. 1873, p. 402 ; Ibid. 1850, p. 96 ; Ibid. vol. xiv. ; Ibid. vol. 
xxix. p. 187 ; Petri fakten und erratische Jurahlocke tm Elysch, Ac. (Bachmann), 
Si^li Ei^^menti che componyono i Conglomerati Mioceni del Piemonte (B. Gastaldi) ; 
Principles of Geology (Lyoll), vol. i. chap. x. and xi. 
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NOTE 0. 

Traces op a Glacial Period in the Southern Hemisphere. 

It is well known that the evidence of extensive ice-action in post-tertiary 
times is not confined to the lands within our hemisphere. Mr. Darwin, many 
years ago, showed that large glaciers came down within geologically recent 
times, to low levels in the Cordillera of South America, and his observations 
have been supplemented by Mr. D. Forbes, who informed Mr. Darwin that 
he had seen ice- worn rocks and scratched stones at about the height of 
12,000 feet in various parts of the Cordillera, between lat. 13“ and 30“ S. Yet 
no true glaciers, Mr. Darwin says, ‘‘now exist even at much more consi- 
derable heights along this whole space of the Cordillera. Further south on 
both sides of the continent, from lat. 41“ to the southernmost extremity, we 
have the clearest evidence of former glacial action, in numerous immense 
boulders, transported far from their parent source.*’ Recently these obser- 
vations have been extended by Professor Agas’siz, tho publication of whose 
investigations glacialists await with impatience. Drs. Haast and Hector 
have shown also that in New Zealand colossal glaciers at one time descended 
to low levels in that island ; and some traces of glacial action have been 
observed m the mountains of the south-eastern corner of Australia. According 
to the theory supported in this volume, glacial and mild climates would 
alternate in the two hemispheres, and consequently the glacial dt'posits and 
ice-markings detected south of the equator will be either a little older or 
younger than the aimilap memorials met with in our hemisphere ; while at 
the same time they must of course belong to the same great epoch. At 
present, however, the glacial deposits of the south are not sufficiently known, 
and we 'cannot tell whether they contain any records of intor-glacial mild 
climates. But a study of tho distribution of animals and plants throws much 
curious light upon the subject; and I would commend to the reader’s 
attention that most interesting chapter in Mr. Darwin’s work, in which he 
discusses tho geographical distribution of plants and animals. He will there 
find some striking evidence brought together m favour of alternations of mild 
and glacial conditions having occurred in the north and tho south. (See 
Origin of ISpccieSf ^ixth edit., p. 316, ct sqq.) 


NOTE D. 

Map and Sections of Loch Lomond. 

This map and the accompanying seciions are the woik of my friend, Mr. K. 
L. Jack. Tho sections are drawn on a true scale (same as the map), and are 
designed to give a clear idea of what is meant by a rock-basin. It will be 
observed that the lake is deepest in its narrow upper roaches, where, half-way 
between Inversnaid and Tarbet, it attains a depth of 100 to 105 fathoms. In 
its lower and wider reaches it shallows to 20, 12, 6 and 1 fathem. But so 
gradual is this shallowing, that were the lake to bo drained of all its water, 
we should hardly be able to discover, witliout levelling, which was the deepest 
part of the hollow. The horizontal section brings out this feature in a 
striking manner. When, therefore; mention is made of a rock-basin. 
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100 fathoms deep, we are not to think of a profound hole like a huge pit, but 
of an elongated cavity, oveihung it may be on both sides with more or lees 
steep mountains or hills, and sloping in from both ends at a degree of incli- 
nation so slight as to be imperceptible to the eye. Were the Lake of Geneva 
to be drained, its bed would have merely the appearance of a great plain (yet 
that lake reaches a depth of 980 feet) ; and the cavity of Loch Lomond would 
not be more conspicuous. 

Loch Lomond is a very interesting and satisfactory example of a rock- 
basin. We are quite sure of its depth, because it has been sounded all over 
by the officers of our nav}’^, and we know that it does not He in a Hne of dislo- 
cation or gaping fissure, neither is it crossed by any such fractures or dis- 
placements. It is as excellent a specimen of an excavated basin as the heart 
of a glacialist could desire. 


NOTE E. 

Map showing the Physiography of West of Scotland that would 

APPEAR UPON AN ELEVATION OF 600 PEET. 

This map has been prepared with much care and skill by my friend and 
colleague, Mr, R. L. Jack, who was good enough to relieve me of the labour 
of reducing the work from the Admiralty Chart of the West Coast of Scotland 
(No. 2,635). 

Some years ago I was struck with tho fact that the deepest parts of the 
Scottish seas appeared precisely in those places wluu o a glacialist who held 
Professor Ramsay’s views might readily have oxj)ected to find them. Not 
only did deep rock-basins occur in all the sea-lochs or fiords, but they also 
made their appearance again Rnd again off’ the coasts of many islands in 
such positions as could not but be highly suggestive to a glacialist. In 
connection with those facts, it was also singular to observe that, while deep 
submarine hollows wore so abundantly developed along the wild western 
shores of Scotland, they wore almost tmlirely wanting in the corresponding 
latitudes on the other side of the island. And, then, one could not fail to 
notice that, wdth the exceptions of the Friths of Forth, Tay, Inverness, 
Cromarty, and Dornoch, no fiord- valleys open out upon the Geiman Ocean, 
and no such islands as the Inner and Outer Hebrides appear off’ the east coast. 
Fiord- valleys and islands abound in the west, and there rock-basins are 
numerous ; hardly any fiord- valleys or islandl exist in the east, and there 
submarine hollows are rarely to be found. As far as I can make out Irom the 
Admiralty charts, only one deep submarine basin occurs along tho whole 
stretch of coast-line between Duncansby Head and Berwick, and that is in the 
upper reaches of the Frith of Forth, between St. Margaret’s Hope and a point 
east of Kinghom and norlh-east of Inch Keith. The hollow is a long narrow 
trench, gradually opening out as it shallows to the north-east of Inch Keith. 
It is deepest near Inch Garvie, where its bottom is 246 ft. below the surface 
of the sea, or 186 ft. lower than the lip of the trench. It shallows passing 
east, but deepens again to 168 ft. between Inch Colm and tho Oxcars Hocks, 
shallowing once more, and again deepening to 138 It. before it finally 
shelves away. It is certain, however, that this basin must at one time have 
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been more extenBiye. Immense quantities of silt and sand are borne down 
into the estuary of the Forth, and great banks of sand and mud have accu- 
mulated, especially in the upper reaches of the estuary. There cannot be 
much doubt, therefore, that the submarine hollow has been greatly silted up. 

No hollow so deep appears in any of the other friths that open into the 
German Ocean, but each is characterised by the presence of great sand- and 
mud-banks, which in many cases impede navigation. In the Frith of Tay 
the mud-banks are specially noticeable ; above Dundee the Frith at low- 
water shows little more than a series of slimy banks, with winding water- 
lanes ; and below Dundee, at the mouth of the estuary, the mud and sand 
are pushing out seaward, so as to form a well-defined submarine delta. In 
short, it is evident that all the friths on the east side of the island have been 
and are still being gradually silted up. Yet we may still trace elongated 
hollows in these friths. There is one 48 ft. deep opposite Droughty Ferry; two 
occur in Beauly Loch, 108 ft. and 72 ft. deep respectively ; Cromarty Frith is 
120 ft. deeper than the sea outside, and although Dornoch Frith is very shal- 
low, it is still 36 ft. deep above the Bar, which is only 12 ft. below the sea. 

To return to the west coast : I would first direct tho reader’s attention to 
the general slope of tho soa-bottom. It will be observed that (putting rock- 
basins for the moment out of account) the bottom of the sea in the North 
Minch falls away towards the north, a river being inserted to show the 
direction the drainage would take were an elevation of the whole west coast 
to supervene. Between tho north end of Skye and the Shiant Isles the 
soundings indicate the existence of a ridge which would form a low water- 
shed between tho country of the North Minch and that lying to the south. 
The configuration of this latter, however, is exceedingly irregular, and it is 
difficult to ascertain from the charts in what direction the lakes in tho Little 
Minch would drain ; most likely, however, it would be south-west into the 
large lake which is represented as sweeping from South Uist roimd Barra 
Head, and sending a river out to the sea. West from the Island of Islay 
another stream is inserted to show the slope of the land in that direction. 
South of the same island it will bo noticed that the drainage would be south- 
east by the North Channel. It must not be supposed that these rivers are 
put down at random. The charts have been closely followed, and it is 
believed that the lines indicated are as near as possible those that would be 
taken by the streams and rivers upon an elevation of 600 foot. A greater 
number might have been inserted, but it was thought better to give only 
such as would suffice to indicate the general slope of the sea-bottom. 

A glance at the map will show that the chief submarine basins occupy 
certain well-defined positions, and form two distinct groups. The first group 
embraces what may bo termed Jiord-basim. Fnough has been said in the 
text regarding the rock hollows which are known to occur in our sca-lochs. 
These of course agree in direction with the sea-lochs, with which they are 
sometimes almost co-extensive, as in the case of Loyh Fyne ; or entirely so, 
as in the case of Loch Etive. But an examination of the Admiralty charts 
proves the existence of numerous submarine basins which lie beyond tho sea- 
lochs, and run parallel to the course of sounds, channels, and straits. As 
examples we may take the basins of Raasay Sound, the Inner Sound, Sleat 
Bound, the Passage of Tiroo, the Frith of Lorn, and Jura Bound. Now, these 
basins occur in what are simply the continuations of fiord- valley’s. If the 
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land were elevated for 600 ft. it would be seen that all these Sounds 
and “ Passages only formed the lower-reaches of mountain-valleys. The 
Sound of J ura, for example, would appear as a wild mountain- valley conti- 
nuous with that of Loch Craignish. In the same manner, Sleat Sound would 
be continuous with the valleys that now hold Lochs Alsh and Hourn. And 
each of these valleys, as the map shows, would contain deep fresh-water 
lakes. We may therefore define the jiord-hmim as those hollows which 
occupy the beds of, and extend in the same direction as submerged mountain- 
valleys. They therefore follow the general slope of the sea-bottom, as the 
map itself sufficiently indicates. 

In the text reasons are given for concluding that the rock-basins in our 
sea-lochs were excavated by glaciers which once filled all those now sub- 
merged land valleys. We may now examine one or two of the rock-basins 
that appear in the Sounds and Straits, for the purpose of ascertaining 
whether appearances are such as to indicate a similar origin for them. 

The map represents a largo lake as occupjdng the sites of Raasay Sound 
and the Inner Sound, and stretching northwards to a point opposite Loch 
Broom. This is pno of the deepest areas on the west coast of Scotland, the 
lip of the submerged basin being 60 fathoms, and its deepest part no loss 
than 138 fathoms below the surface of the sea. Were the land to bo suffi- 
ciently elevated, we should have here a fresh-water lake 88 fathoms, or 
628 ft. in depth ; so that, even wore the land to bo upheavod for 600 ft., 
tho bottom of the Raasay Lake would still be 38 fathoms below the level of 
the sea. Its deepest part trends along the east coasts of Raasay and Rona, 
and it shallows gradually away towards the north ; that is to say, it is 
deepest where tho channel is narrow — while, on the contrary, it begins to 
shallow as it expands into the North Minch. Now, if we examine tho map 
of glacial strim, we shall find that this large submerged basin was at one 
time occupied by a massive glacier that flowed in precisely the same direction 
as the trend of the basin itself, that is towards the north. Note further, that 
the striae on the shores of Lochs Carron and Kishom show that the glacier-ice 
which once filled those lochs swept over the low-grounds of Skye between 
Broadford and Loch Eishart, where also it has left marks of its passage. This 
was doubtless at the same time that Raasay Sound and the Inner Sound were 
choked with glacier masses streaming outwards from Skye, Gairloch, Loch 
Torridon, and Loch Carron itself. For the reasons gi von in the text, the erosion 
produced by this ice would be most excessive where the latter was strangled, 
or compressed and heaped up. Consequently we find that it is between tho 
mainland and the islands of Raasay and Rona that the basin attains its greatest 
depth. As the glacier crept out into the Minch it had room to expand, and 
therefore its erosive action became weaker in that direction. 

Take another example. Between Knapdale and the Island of Jura it will be 
observed that an elongated basin, somewhat resembling Loch Lomond in 
outline, extends from Loch Craignish down the Sound of Jura. The deepest 
part of this basin lies between Loch Crinan and a i)oint nearly opposite the 
extreme south end of Jura Island. In this long narrow section the depths are 
very irregular ; in fact, the hollow here consists of a string of small rock- 
basins, ranging from 102 to 110 fathoms in depth, the lip of the basin itself 
being 60 fathoms from the surface ; so that in actual depth the upper roaches 
ot the basin attain at the most 42 or 50 fathoms. From the south end of J ura 
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the bean 'widens out, and as it does so it gradually shallows, attaining, how- 
ever, an exceptional depth (40 fathoms) immediately opposite the north point 
of Gigha Island. Now, these appearances are precisely such as might have 
been expected; the narrow and deep portions of the basin occur just in those 
places where the erosive power of the ice would be greatest ; and, on the other 
himd, the basin shallows as the fiord- valley opens out, for the simple reason 
that here the glacier had room to extend itself and shelve off. 

I have selected for illustration two of the simplest cases. When we come 
to examine other fiord-basins, we not infrequently find that they are mixed up 
with a set of basins which cannot be said to coincide with mountain- valleys. 
These form our second group, one or two simple examples of which I shall 
describe first, and thereafter point out how the two groups sometimes 
coalesce. 

The basins of the second group not infrequently extend at right angles to 
the trend of the fiord-basins, and are most typically developed along the 
inner shores of islands, especially when these are placed opposite the months 
of sounds and sea-lochs As typical examples, I may mention the basin lying 
north of Eathlin Island, which faces the Sound of J ura, and the groat series 
of basins that stretches along the inner shores of the Outer Hebrides. For 
reasons which will be given presently, these may be conveniently termed 
deJlection^basinH. 

The Rathlin Island basin is one of the simplest, and at the same time one of 
the most striking examples of a deflection-basin. It attains the great depth 
of 133 fathoms, and, taking its lip at 80 fathoms from the surface, we have 
63 fathoms, or 318 feet, as the actual depth of the excavation. It will be 
noticed that this basin does not ro.'^t in a flord- valley ; there is no sea-loch or 
d(jep land- valley opening out upon it from the Irish coast. If excavated by ice, 
that ice could not have flowed from Ireland. How, then, is the basin to be 
accounted f(;r ? It will be remembered that during the period of the till the 
Scottish mer do glace advanced upon the coasts of Antrim and Donegal, and 
became confluent with the Irish ice-sheet. This is well shown by the manner 
in which the glacial markings in the extreme north of Ireland turn away 
towards the west and south-east, instead of pointing right out to sea. The 
Scotch ice split upon Ireland, and flowed westward into the Atlantic, and 
south-east by the North Channel into the Irish Sea. [I shall not be surprised, 
if the glacial stria' in the extreme north of Ireland prove to have been 
the work rather of Scotch than of Irish ice.] Bearing in view the facts 
thus briefly reh'rred to, there can be no difficulty in understanding why a 
deep hollow came to be ground out at Rathlin Island. Hero it was that the 
immense glacier mass discharging by the Sound of Jura met with resistance 
to its progress. Rathlin Island, in fact, behaved like a large boulder in the 
bod of a stream ; it stemmed the current, which was thus forced to flow east 
and west, and the usual result followed — a hollow was dug out in front. If 
the linear trend of the fonJ-basin in the Sound of Jura indicates the former 
path of the glacier that formed it, not less does the crescent-shaped dejketion- 
basin at Rathlin Island point out where the ice-current divided to flow in 
opposite directions. 

Another good example of a deflection-basin will be observed circling round 
the north of Rum. It reaches its greatest depth opposite Loch Eishart, 
where the excavation on the sea-bottom is as much as 74 fathoms, the bottom 



APPENDIX. 


in 


of the basin being 139 fathoms from the snrfece. Now it is certain that this 
is precisely where, dnring the climax of the glacial epoch, there would be 
immense erosion caused by the stemming of the ice that streamed out from 
the Coolin Mountains and Loch £ishait< Note how the basin is continued 
into Canna Sound, where it attains a depth of more t h a n 60 fathoms, its 
bottom being 130 fathoms below the surface of the sea. A mnular deep 
excavation makes its appearance between Eigg and Bum, which has an actual 
depth of not less than 48 fathoms, although the bed of the sea is only 86 to 
88 fathoms deep at that place. Although this latter basin is separated from 
the one lying north of Bum, they were doubtless formed by the same glacier- 
mass, which, splitting upon Bum, would pour round that island, and exert 
excessive erosive power in the channels that separate Bum from Eigg and 
Canna. 

Let us take yet another example. Mention has already been made of the 
deep basin that extends north from the Inner Sound into the North Minch, 
where it ends against the Shiant Isles and a bank known to fishermen as the 
Khiant East Bank. It will bo observed that facing the end of the Baasay 
basin (which is a fiord-basin), another deep submarine hollow extends itself 
along the shore of the Long Island, opposite Loch Shell. This, there can be 
no doubt, belongs to our group of deflection-basins. When the ice which 
ploughed out the liaasay hasin flowed out so far as to reach the Shiant East 
Bank, it would have a tendency to creep along the general slope of what now 
forms the bed of iho soa ; that is, it would tend towards the north. But as 
the whole of the North Minch became at the same time choked with glaciers 
descending from the wilds of Sutherland, it is evident that its passage in that 
direction would necessarily be blocked up. It would therefore bo compelled 
to abut upon Lewis. Now we know that the ico which filled the North Minch 
attained so great a thickness that its upper strata wore enabled to overflow 
the whole of Lewis from south-east to north-west, to a height of not less than 
1,250 feet, and probably oven higher than that. This is shown by the 
abundant traces of glacial erosion all over the island. But while the upper 
strata of ico were grinding across Lewis, there w’ould nocossarily be an 
undertow ” tending along the coast both to the north-east and the south- 
west. The greatest pressure would he exerted close in shore, where the high 
ground opposed the direct passage of the ico ; and hence deflection-basins 
would be scooped out in such places. The process, indeed, would be precisely 
the same as in the cases of Batblin and Rum. The map represents a whole 
series of similar basins, extending along the inner margin of the Outer 
Hebrides. None of these are fiord-basins, but ofl* the mouth of Loch Dun- 
vegan, in Skye, there appears to be a imion of basins belonging to both 
groups. South of Bcnhecula, however, the hollows which trend along the 
coast of the Hebrides seem certainly to ho deflection-basins. This will 
become apparent when we reflect that, during tho climax of tho glacial 
epoch, the comparatively open space Ijdng between Benbecula, South tJist, 
and Barra, on the one hand, and Skye, Bum, Coll, and Tiroe on tho other, 
must have been filled with glacier-icc. From Loch Bhracadail, Loch 
Eynort, Loch Bhreatul, and Loch Scavaig, thick masses descended and 
became confluent with tho ice that carved out toe deep rock-basin lying north 
of Bum. At the same time glaciers streaming out from tho Kyles of Skyo, 
liOch Houm, and Loch Nevis united in Sleat Sound, and swept past Eigg in 
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the same general direction, namely towards sonth-west by west, until the 
mer de glaco abutted upon the Outer Hebrides. Here, then, there would be 
intense grinding power exerted ; and while the upper strata of the ice would 
overflow in a westerly or north- westeily direction such portions as were not 
too lofty, the lower strata of the glacier-mass would sweep south-west by 
south, until, as the ice rounded the opposing high ground, it found freedom to 
extend itself more to the west, and so to shelve off* into deep water. Thus tho 
trend of many of the submarine basins, as shown upon the map, indicates 
the direction followed by tho undertow of the great mer do glace, and will not 
always bo found to run parallel with the marks of glacial erosion upon tho 
contiguous land. For example, the deflection-basins lying off* the east coast 
of Lewis trend from south -west to nortli-east, whereas the glacial markings 
on the land go across the island from south-east to north-west. 

The two groups of basins which I have thus briefly described frequently 
become confluent, as one would naturally have expected. The upper reaches 
of Loch Carron, for example, occupy a fiord-basin, but where tho hollow 
expands from tho Kyles of Skye to north-west it forms a deflection-basin ; it 
is along its lower margin, indeed, whore this hollow attains its greatest depth. 
If tho land were elevated for 600 ft. we should find the sea-bottom deeply 
scooped and hollowed in front of all the islets that stood right in tho way of 
the ice-flow. But the map only shows such hollows as would form rock-basins 
and become fresh-water lakes. Yet if' wo examine the Admiralty charts, we 
shall observe that a deep horse-shoe-shaped excavation would circle round 
the north end of Eigg, being evidently tho work of the ice that came down 
Sleat Sound, and so with other islets ; but when these are not very high, the 
erosion in front of them has bc(‘n less excessive. In short, if tho sea-floor 
were exposed to view, wo should find that wherever abrupt ground rose 
opposite the mouth of a mountain-vall(‘y, a hollow of greater or less depth 
would circle round it like a collar. The Island of Arran would aff'ord a 
splendid example; the Island of Mull, opposite Loch Linnhe, would be 
another hardly less striking ; so would Rum, Eigg, Coll opposite the Sound 
of Mull, and many others. Thus the two groups of basins ever and anon 
coalesce, and in fact graduate into each other. Nevertheless, they must be 
distinguished, for while the fiord -basins invariably indicate the direct route 
taken by the mer de glaco, tlie deflection-basins frequently indicate only the 
trend of the undertow, tho upper strata having often overflowed the opposing 
land, and so swept on in the oiiginal direction. 

Besides these two groups of basins, a number of small ones are indicated as 
scattered about at a distance both from fiord-valleys and islands. These are 
comparatively shallow, scarcely exceeding seven or eight fathoms in depth, 
and not often attaining oven that. As a rule, their longer axis coincides in 
direction with what appears to have boon the path of the mer de glace. 
Similar small hollows often occur in low-lying tracts on tho land, as, for 
example, in the low-groimds of Lewis, where they are seen to coincide in 
direction with the lines of glacial erosion. Some of these are rock-basins, and 
others are mere depressions in the glacial deposits. 

In fine, it seems to mo that the distribution of submarine basins round the 
coasts of Scotland strikingly confirms the conclusions wo had arrived at from 
an examination of the glaciated aspect of the land itself; namely, that the 
whole country—with tho exception, perhaps, of the higher hill-tops— was at 
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one time deeply smothered in ice, "which flowed ont by all oiir sea-lochs, 
overflowing: the islands off our coasts, and only stopping at last in the deep 
■waters of the Atlantic. And, to my mind at least, it is no less evident that 
the remarkable distribution of mur deep submarine hollows can only be 
accounted for by Professor Itamsay’s theory of the glacial origin of rock- 
basins. 


NOTE F. 

Glacial and Inter-glacial Deposits or Northern Italy. 

The fl)llowing note I had at one time intended to insert in the text imme- 
diately after the chapter that treats of the Superficial Deposits of Switzerland ; 
hut as much of it is of the nature of a discussion, it has been thought bettor to 
place it here. The reasoning omploj'ed, and the results sought to be arrived 
at will, however, be better a]>preciated if the reader, before perusing this note, 
■will first glance his eye over Chapter XXVIT. 

Just as in Switzerland w’o have centi'al low-grounds, with the Alps rising 
in the south and the J ura in tlie north, so also in Itfily we find the groat 
plains of Piedmont and Lombardy flanked by the Alps on the one hand, and 
bounded by the hills of Turin and the northern spurs of the Apennines on tho 
other. With t,wo exceptions, every great valley that opens out from tho 
Alps upon tho plains of Northern Ittily contains a lake, as is the case with 
similar valleys in Switzerland. The two exceptions referred to arc the valleys 
of tho Dora lliparia and tho Dora Baltca. 

Thus, at the first glance there appefirs to he a broad general resemblance 
between the regions on both sides of the Alps. Tho geologist might therefore 
expect to meet with a like similarity in tho glacial phenomena of tho two 
regions ; and up to a certjiln point his expectations would no doubt bo realised. 
But when he came to correlate the Swiss with the Italian deposits, he would 
find the task by no means so easy, and the resemblance between the two not 
nearly so striking as he anticipated. So long as he confined his attention to 
tho mountain valleys, he would observe precisely tho same appearances as 
present themselves in the mountain valleys of Switzerland. Rounded and 
polished rocks, morainic debris, and perched boulders he would see every- 
where ; and at the lower ends of the great lakes he would encounter huge 
terminal moraines. But out upon thc) broad plains ho would find only wide- 
spread deposits of gravel and loam, tho stony glacial clay so often mot "with 
upon the low-grounds of Switzerland nowhere appearing upon the plains of 
Northern Italy. 

Of all the glacial deposits of Italy, perhaps the most striking are the 
moraines of tho Dora Baltea. They form a huge semicircular embankment 
opposite the mouth of the large valley of Aosta, and some idea of their vast 
extent may he gathered from the sinliple statement that they rise out of the 
plains of Piedmont as steep hills, to a height of 1,600 ft., and even in one 
place to very nearly 2,000 ft. Measured along its outer circumference,* 
this great morainic mass is found to have a frontage of at least fifty miles, 
while the plain which it encloses extends for some fifteen miles from Andrate 

* That is from Andrate bj Mongrando, Balnzzola, Cavaglia, and Caluso to the bridge 
over the Chiusclla. 



3. lifnnitiM*. 

2. Alpine dilttrittm. 

L Marine lomdit. 

The upper deposit (Ko Z) formn iht* «Toat haJk of tho eomiVfrcuIar range of 
hillH above to. It exactly r*f«»mbh¥j the raorRinea of the Swiss Alps, 

Wing compo!Sv*d «)f a p ll-mell heap of angular blocks and debris, w ith some 
admixturt* of earth and sand. 

The bed (2) uls«) answ'ers precisely to those wide accumulations of gravel 
which co\(T so ljir"o an area in the biw’-cfrounds of Switzerland. It shows no 
trace of foa*»il.s and the rounded t>ton»‘s of w hich it consists have evidently 
been derived from the Alj>8. None of these stories are striatodf and no an- 
gular blocks occur among them. 

The underlying marine sands contain a number of fossils, many of which 
belong to species still living in the Modit *rranean. Out of ten shells which 
are said by MM. 3Iartins and Gastaldi to be characteristic of those sands, 
eight are oven now di'nizem of the neighbouring sea, one is doubtful, and 
only one is said to bo extinct. 

Eestingupon the sands occurs hcn‘ and there an ancient alluvium, which is 
considered bv Martins and Gastaldi to be of older date than the alpine 
diluvium. This deposit has yielded remains of the mastodon, the rhinoceros, 
the hippopotamus, the (dephant, along withjrc cent land and fresh-w,it(‘r shells. 
The bottom of the marine sands is not always se(‘n ; in some places, however, 
these beds may be observed resting upon the solid rocks of the Alpine 
districts, w^hile in oth(T places they repose upon cort^iin loose accumulations 
of older tertiary age. According to the Italian geologists, both the marine 
sands and the alluvium with bones belong to tin* I’liocene period, and are 
considered therefore to date back to pro-glacial times. 

In a recent publi cation, f however, Signor Gastaldi explains that ho has 
termed these bone-bearing beds ** phoceinc allmuo*^ not so much because he 
■wished to make them a constituent part of the pliocene formation, but rather 
to discriminate them from the alpine diluvium, which of course is a later 
accumulation. Besides the “ plioconic alluvia,” there occur at various places 
in Northern Italy, as in the environs of Curignano, at Lanzo near Stura ; at 
Gifflenga in the valley of the Cervo ; at Boca, LTaggiora, &c , certain beds of 
lignite which the same eminent observer is inclined to consider as being the 
precise ecjuivalents of the ossiferous alluvia ; and he quotes the opinions of 
MM. Comalla and Stoppani, who have no hesitation in saying that the 
lignites of Leffe (Qundino), in which occur remains of the elephant {E. meri^ 
dionalis), the beaver, the emys (not distinguishable from the recent Ctstndo 
ettropea), doer, and goats, really belong to post-pliocene, and not to pliocene 

* JfuUettn de la SociCU gtologique dt France, tom.vu. 2nie eerie, p. 664; I*rofessor Favre’a 
Recherdita gi'ologiqvcs, tom. i. p 169. 

+ ** Appunti suUa Memoria del Sig J. Geikie, On CJtange^t of Cltmaie, rfc.” Jtu ddle 
Meale Accadmia delle Setenze di Torino, vol. vui. Apnle 1873. 
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times. In short, as Professor Gastaldi remarks, the lignites rest upon 
pliocene deposits, and are covered by diluvium, and thus occupy the same 
relative position as the Swiss lignites (Utznach, Wetzikon, &c.), which, it will 
be remembered, lie at the base of the Alpine diluvium. 

But while Professor Gastaldi is clearly of opinion that the Italian and 
Swiss lignites belong to one and the same age, he does not agree with 
Professor Heer that Sie Swiss lignites are inter-glacial, and objects to the 
suggestion which I had ventured to make,^ namely, that the ossiferous beds 
of Northern Italy mark an inter-glacial period. I feel somewhat sure, how- 
ever, that if Professor Gastaldi were to study the Swiss deposits, he could 
come to no other conclusion than that arrived at by the envinent Swiaa 
botanist. It is beyond question that the Swiss beds rest in some places 
upon true glacial deposits, upon unmistakable ground-moraine — i.e. (day 
holding scratched stones and boulders. If, therefore, the Italian lignite be 
of the same age as those of Switzerland, they can only be referred to inter- 
glacial times. It is true that, so far as is known, no glacial deposits underlie 
the Italian lignites ; but the same is the case with not a few of the Swiss 
lignite bods, as for example those at Utznach, where the beds rest directly on 
highly disturbed deposits of Miocene age. The mere absence of underlying 
moraine matter is no proof, therefore, that the Italian lignites are of pre- 
glaoial ago ; the Swiss lignites were supposed to bo so, until at Wetzikon and 
Uurnton they were found to rei)Ose upon a true erratic deposit belonging to 
post- pliocene, or glacial times. 

In the publication reforrod to I not only suggested the inter-glacial age of 
the ossiferous alluvia of Piedmont, hut I even wont so far as to state that the 
underlying marine sands might probably prove eventually to belong to inter- 
glacial times also. I was quite aware that tliis suggestion would appear bold 
to Italian geologists, and it was not without some tr(‘iddation that J ventured 
to express my views upon the subject. N even tb el css, holding as I did and 
still do, decided convictions concerning the great interval of time represented 
by the Swiss lignites, and by their equivalents, in Northern and Western 
Europe, 1 was jirepured to risk the chaige of boldness, in the hope that the 
whole subject would bo thoroughly ventilated. In this hope I have not been 
disappointed. Signor Gastaldi, in a most interesting communication to the 
Academy of Sticneos, Tuiin, has taken up the question. After giving his 
arguments the caieful study which they deserve, I am compelled still to 
disagree, which 1 the more regrot as it may appear presumptuous in me — 
whose personal acquaintance with Northern Italy has only been obtained 
during a few shoi't holiday excursions — to differ from the opinion of one who 
has made that region a lifelong study. The question, however, is not one of 
the geological succession of strata. There is no dispute as to what relative 
position the “ marine sands ” of Piedmont occupy. They are clearly of older 
date than any recognizable morainic or diluvial deposits in Norlhem Italy; 
and if it were simply a question of local geology, one could have no good 
reason for doubting their pre-glacial age. But then the question is not one 
of local geologj" alone ; the Italian deposits must be considered in the light of 
the evidence derived from contiguous regions. If it be true that certain 
oscillations of climate accompanied the deposition of the glacial deposits and 


Ou CAifUff/’A of Climate during the Glacial Epoch. London, Trubner & Co. 
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their equivalents in every region of the northern hemisphere in which these 
accumulations have been studied, it is not unreasonable to hope that in Italy 
also we shall find some indications of the same great world-changes. Whnt 
then, let us ask, is the evidence furnished by the ** marine sands” of 
Piedmont? Do they afford us any definite proof that they are of pre- 
glacial age ? 

Of the shells which occur in these sands a certain percentage are not 
known as living 8))ecies. The great ma-jority, however, still occupy European 
seas. My friend Mr. Etheridge, who has been kind enough to examine for 
me some lists of the fossils obtained from the marine sands which are exposed 
here and there at the base of the Alps between Lake Maggiore and the 
Ticino, tells me that in his opinion these deposits do not date back to so old 
a time as the pliocene beds of England. It is difficult, however, to ascertain 
the proportion of living to extinct species in these Italian pliocenes, and the 
results obtained during the recent dredging cruise of the Porcupine^* make it 
doubtful whether many of the shells which arc now only known in a fossil 
state in the Italian tertiary deposits may not eventually prove to be still 
living species. 

Signor G. Micholotti, well known for his works on the pliocene and 
miocene faunas of Piedmont, examined for Piofessor Gastaldi a series of 
fossils from the marine sands at the base of the Alps, and informed him that 
not a single characteristic miocene shell appeared amongst the number. f But 
even if it should eventually prove that the extinct or api)arontly extinct 
species in the so-called pliocene sands at the base of the Alps are in the pro- 
portion of 16 or 20 per cent., still that will not prove these deposits to be of 
pre-glacial age. Nay, it would not even follow fiom this that the yellow 
sands of Piedmont were accumulated at the same period of time as those 
English deposits that contain a similar percentage of apparently extinct 
species. The mode adopted by M. Doshayes and Sir Charles Lyoll for ascer- 
taining the relative antiquity of Tertiary deposits is no doubt most excellent, 
so long as the deposits we examine happen to form a more or loss continuous 
series, and are confined to some definite geographical area. The Norwich 
Crag, for example, contains about 18 per cent, of extinct or apparently 
extinct species of sea-shells. Now, if certain other English Tertiary deposits 
are found to contain a greater percentage of extinct forms than this, it is 
legitimate to infer that these must be older than the Norwich Crag, just as on 
the contrary we should consider those beds to belong to later times which 
happen to exhibit a smaller number of extinct species ; for, as Sir C. Lyell 
remarks, the greater number of recent species always implies the more 
modem origin of the strata.” But when we pass into a different geographical 
area, it is evident that although we there detected superficial accumulations in 
which the proportion of extinct to recent species was the same as in the 
Norwich Crag, still it would not follow that these accumulations had been 
deposited at the same time as the English beds referred to. We have to take 
into consideration the fact that marine faunas must in the course of time be 
subjected to very different conditions, and that, owing to geological and 
geographical changes, species characteristic of certain areas may die out and 

* Dep(ha of the SeOf p. 183 et aqq. 

t “Studii Geologici suUe Alpi Ocoidentali,” Mm, dd JR, ComiUxto gtologico iCHalia, 
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become extinct at a more rapid rate than the contemporaneous life-forms of 
other regions. Hence, dopobits laid down at one and the same time in 
different latitudes and in separated districts, may come to envelope and 
contain assemblages of shers amongst which the proportion of extinct to 
recent species may vary indefinitely. And the difficult}’^ of identifying con- 
temporaneous deposits becomes the greater the nearer those approach in age 
to recent accumulations. In short, it may well be that the newer pliocene of 
one country may be either older or younger than the newer pliocene of 
another. We may conclude, therefore, that the evidence supplied by the 
organic remains in the maiino sands of Piedmont is not sufficient to prove 
that these sands are of pre-glacial age. 

But it will bo said that, since the sands in question are overlaid by the 
great moraines, they must necessarily date back to pro-glacial times. Now 
this would cei'tainly follow, if it could be shown that these moraines mark the 
furtliest limits reached by the glaciers during the climax of the glacial epoch. 
There are several considerations, however, which lead to the inference that 
the moraines rcft'ired to do not mark the southern limits of the ancient 
glaciation, but belong indeed to a more recent date. 

On the north side of the Alps there is distinct evidence to show that 
Switzerland experienced at least two gluciiil periods, B(“parated by an inter- 
vening per iod of milder conditions. During the first cold period the glaciers 
increased to such an extent that all the ice-streams issuing from the mountain- 
valleys coalesced upon the low-gi'ounds to form ono gigantic mcr de glaco that 
rose some 2,000 fcc't high upon the flanks of the Jura. Towards the north- 
east, the ice would appear to have overflowed these hills, and thereafter to 
have descended the Prickthal to the Rhine at a point some twelve miles 
below the conliiK'uco of that river with the Aar. How much further west it 
may have gone we cannot say, hut there is good reason to believe tliat tbo 
Swiss mer do glaco united with the gla(ders of tluj Black Forest. Again, it is 
certain that from that part of the mer do glaco which flowed to the south-west 
a great glacier crept outw’ards upon the jilains of Franco, over the dreary 
Domhes, and deseended the v«illey of the Rhone, as for at least as Valence, in 
the department of Drome. 

Now it will readily be admiltod that during the greatest extension of the 
ice on the noi-th side of the Alps, gigantic glaciers must at the same time 
have filled all the mountain valleys of Northern Itnly, In proof of this, we 
are refeired to the great moraines of the Dora Baltea and those of the Dora 
Riparia, and the similar heaps of debris which occur at the lower ends of all 
the great Italian lakes- Oita, IMaggiore, Lugano, Como, Lccco, Isea, and 
Garda. These moraim s indicate, no doubt, the fomer presence of very large 
ice-streams, yet it is bai dly conceivable that they can he the equivalents of 
the old grundmoianen of the Swiss low-grounds. VTien we picture to our- 
selves the condition of Switzerland and the adjoining tracts of France and 
Germany during the climax of glacial cold — w hen we think of the Rhone 
glacier after its egress fiom the low-grounds of Switzerland, flowing for 
130 miles out upon the plains of France — when, further, we conceive of its 
northern branch uniting with the glacicTS of the Rhine and its tributaries, 
and thereafter pouring over the end of the J ura to coalesce with the ice-fields 
of the Black Forest, it is impossible to believe that on the southern side of 
the Alps the glaciers could have been, comparatively speaking, so insigni- 

M M 
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licant, that they never succeeded in getting well out of their mountain- 
valleys. The more southerly latitude of Italy will not enable us to explain 
this anomaly. 

It is perfectly true that the present glaciers on the south side of the Alps 
are quite insignificant when compared to those occupying similar positions in 
Switzerland, and during the climax of the glacial epoch it is more than likely 
that the Swiss glaciers would much surpass those of Italy in importance. 
Still, those geologists who consider that Sahara existed at that time as a vast 
inland sea, will perhaps admit that the difference between the clirnates of the 
opposing slopes of the Alps would not then he so marked as it is now. We 
may, indeed, believe that the Italian glaciers would be arrested in their down- 
ward course sooner than those of Switzerland, yet the vast extent of the 
latter indicates a former intensity of cold which must needs have given rise 
to glaciers in Italy of even greater magnitude than those that occupied the 
lake-basins, and drop] >cd their superficial moraines on the low-giounds beyond. 
In short, we are led to infer that when the Rhone glacier was depositing its 
moraines in the plains of France, the glaciers of the Dora Riparia and 
Dora Baltoa must have advanced far beyond the mouths of their mountain- 
valleys, and may even have traversed the jdains of I’icdmont, and abutted 
upon the hills of Turin, 

I am well aware that there aro no dej)0Bit8 on the plains of Piedmont 
which can be referred to this gn'at extension of the glaciers, and so far there 
is no direct and positive evidence in iavour of such an extension. But the 
great valley of the Po, like that of the Danube, and that of the Rhino between 
the Vosges and the Black Forest, is everywhere covered by river-deposits of 
comparatively recent origin. It is quite possible, therefore, that a deposit of 
moraine-profoiide or till may lie concealed at a greater distance from the 
Alps than the conspicuous moraines of tho Baltoa, «fec. No inference can be 
drawn either one w’ay or the other from the fact that no t('rniinal moraines 
are known to occur further south than the mouths of the Alpine valleys in 
Italy. Terniinal moraines do not exist on the plains of Germany or tho 
low-grounds of France to mark the limits readied hy the ice during tlie 
coldest periods of the glacial epoch ; yet is it not unlikely that the Scandina- 
vian ice-shoet reached into Northern Germany, and the Rhone glacier cer- 
tainly flowed south as far as tho low-grounds of Dauphine. 

The slopes ot the Moncalicri-Valenza Hills are sprinkled with boulders and 
large erratics of alpine rocks, whii*h were at one time supposed to have been 
can-ied across Piedriiout by tho ice of the (Racial Epoch. But suhsoqm'ut 
and more detailed observations* have led Gastaldi to the opinion that tho 
blocks in question are merely the deuudt'd wreck of certain great beds of 
couglomoiato belonging to tho Miocene formation. No one who has visited 
the ground is likely to dispute this eenclusion. One sees embedded in the 
miocenic conglomerate largo erratics of precisely the same character as those 
that are lying loose on tlie hill slopes ; and the conclusion seems irresistible 
that these latter are hut tho relics of those portions of the conglomerate 
which the denuding forces have carried away. At the same time, it must be 
remarked that if the glaciers, during the Glacial Epoch, ever did roach the 


• Sugli Elementi che compongono i Conglomcrati I^rioceni del Tiemonte; ” Mtm^ria 
della Heale AccaUemia Uelle Scienze d% Tonnoy sene ii, vol. xx. 
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Hills of Turin, the erratic blocks which they would then have left behind 
would now be indistinguishable from the denuded remains of the older 
erratic formation which Gastaldi has clearly shown to be of miocene age. 

While, therefore, it must be admitted that there is no positive evidence* to 
show that the Italian glaciers ever crejd furthiu' south than the limits reached 
by the terminal moraines which now circle round the mouths of the Alpine 
valleys, it is on the other hand equally true that no proof is forthcoming to 
show that they did not. We are not, however, without some indirect evidence 
in favour of the great extension which I have inferred. 

Let me ask the leader to go back with me in imagination to tho miocene 
period — that period which preceded in time the pliocene, and during which 
the great conglomerates of tho DiIoncMlicri Hills were deposited. At that time 
tho Adriatic Sea extended up the great valley of the Po, and in all probability 
communicated^ with the McditciTanean across that low range of hills which now 
serves to connect the Maritime Ali)s with the Apennines. The Alpine vallej’^s 
then formed long fiords, and the waves rose high on the northern slopes of the 
Apennines. Such conditions were maintained during many long ages, so as to 
allow vast heaps of sediment to gather upon the bed of the old sea. In some 
places these accumulations now form comiderahle hills. We find them fringing 
the northern flanks of the Apc'nnineSjt and extending in unbroken successiori 
from Moncalieri to Valenza, forming those groat dc^posits of conglomerate 
(and associated beds of gravel, sand, and marl), of which I have already 
spoken. An examination of these deposits shows that they have been derived 
from the degradation of the Alpine mountains. Tho sou in which they 
gathered w’ashed tho base of the Alps, and extended into the great valleys. 
But although this must have been the casi*, yet it is remarkable that no trace 
of miocenc deposits can he mnywliere detected along that ancient coast-line 
between Lake Maggioro and tho Ki\er Ticino. We cannot doubt that at the 
time the thick beds of conglomerate, grav(‘l, sand, &c. (which are so conspicuous 
in the Moncalieri- Valenza Hills, and which occur iu those hills at a higher level 
than the base of the Aljis) were being deposited, similar materials were also 
gathering on the soa-hottom along the shores of the northern mountain-land. 
Yet no trace of these now exists. Again, it is to he noted that while the 
pliocene sands that fringe th»‘ Moncalieri- Valenza Hills rest upon deposits of 
miocene and eocene ago, yet the plioc(*ne of the Dora Paltea and the Sessia 
recline upon tho solid rocks of the mountains. It is clear, therefore, that 
before th(^ pliocene beds were laid down, Ihe 2 )ro-cyisting miocene and eocene 
deposits had been removed. In short, it is evident that after the close of the 
miocene period, and before the yellow marine sands of Piedmont were accu- 
mulated, there must have been enormous denudation along the base of the 
Alpine mountains. Whether this groat erosion is to be referred in chief p^rt 
to the action of gigantic glaciers 1 do not say, but it is difl&cult to find a 
simpler and more satisfactory explanation. 

Reference has already been made to tho fact that, with two remarkable 

* It seemed to me, however, that the moimtams hehind Nomaglio (Val d’Aoeta) were 
glaciated at Ica^rt half way up from the surface of tho groat lateral moraine to their 
summits. If this be so, then the glacier that flowed at that level must have attamed 
greater dimensions than the glacier which brought down the lateral moraine that extends 
from Andrate to Cavaglia. xlio glaciation at the higher level was much loss distinctly 
niaiked than that at and below tlie summit level of the mniames, indicatmg that the 
former was probably effected at a much earlier ago than the latter. 

+ They occur also upon the southern slopes of that range, but I confine attention to the 
valley of the Po. 
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exceptions, all the great mountain valleys of Northern Italy contain lakes at 
their lower ends. Ilut no lake occurs at liivoli, and no large sheet of water, 
hut only two inconBiderablo lakelets, appear opposite the mouth of the Val 
d’ Aosta. Now, it does appear singular that just where we might have 
expected largo rock-basins to appear, we should find nothing of the kind. If 
glaciers dug out the basins of Maggiore, Garda, and the oth('r lakes in Italy, 
and those of Constance, Lucerne, Zurich, &c., in Switzerland, why should 
not the colossal glaciers of the Val d’Aosta and the Dora lliparia have exca- 
vated similar hollows near Ivrea and Ifivoli f The answer is that they did 
do so, but the basins so scooped out were subsequently filled up again with 
aqueous deposits. 

Since I ventured this suggestion to explain the absence of a rock-basin at 
Ivrea, Signor Castaldi has reinvestigated the matter, and now gives it as his 
opinion that such a buried rock-hasin docs really exist, and that portions of 
it are still visible in the little lakes of (^india and Yivorone. lie thinks that 
the basin is of no gri'at depth, as the* rocks in which it has been excavated are 
of a more durable character, and must theri'fou' have [fielded less easily to 
erosive action than those which contain the gT(‘at lakes of the other valleys of 
Northern Italy. As the great glach'r slowly rdiri'd up the valh'y of the 
Dora, the river swo])t dowm vast heaps of gravel, s.and, and silt (diluvium;, 
with which it gradually fillf'd up tht‘ ancient lake. 

To draw' thes(’ scattered rciiiuiks together, 1 shall now, in a few paragraphs, 
endeavour to correlate the Swiss and Italian dei>osits: — 

1. At the peiiod of most intense cold all the Aljunc valleys were filled with 
glaciers, which in some cases reached a depth of 2,000 ft., and even more. 
These coaleeecd upon the low-grounds of Switzeiland to form a great nnr do 
glace, from which tw'o principal ice-flows extemh'd — the one into the vall» y of 
the Khino, where it iKs'ame in all probability eonthumt with the glaciers ol' 
the Black Forest ; tlic other into the low-giounds of Franco, over which it 
advanced as far south as Valence, in the department of Drome, a distance 
of 130 miles, at leafct, fioiii Genc'va. At the same time, vast glaciers 
descended the southern valleys of the Alps into the pl.'njis of Northern Italy. 
There is no positive evidence foithcoming to show liow far they invaded 
these low'-grounds, but taking into consideration tli(' colossal propoiiioTis 
attained by the glacier of the llhoiic, it is highly probable that the Italian 
glaciers ni;iy have crossc'd the valley of the Po so as to abut upon the Hills of 
Turin, a distance from the base of the Alps of only 2o nnles. 

2. Owing to u change of climate, the ice gradually melted back until it had 
retired from the low-grounds, and shrunk into the de»}p mountain-valle} s. 
During this lotieat groat pc'rched blocks were str;md(‘d along the mountain - 
slopes, and maas(*g of sand and gra\el were strowm over all the low-grounds 
to which the w’ater from the melting iec had access. 

3. The climate becoming still more ameliorated, Switzerland assumed a 
vegetation similar to that wdiich now charaetenses it ; while at the same time 
the elephant, rhinoceros, urns, and other animals, became denizens of the 
country. On the south side of the Alps, similarly, a strong forest growth 
spiung up, and numerous mammalia iiihahit(‘d tho land. [The deposits con- 
taining these remjiins lest ui)on, and aro therefore older than cerbiin beds of 
sand of marine origin, which Italian geologists rceognise as being of pliocene 
and pre-glucinl age. 'Fhe fossil contents of tlie.>o sands, how’ever, do not 
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(I 'uionstratc thoir pre-glacial age. So fur direct evidence goes, there is 
n* 'tiling to show that the s-uids may not bo of intor-glaciul age.] 

4. The climate again becoming cold, tho glai'iera began aj^other advance. 
Largo rivers flowed down tho valleys, and distributed vast heaps of gravel 
and sand, just as they had done during the retreat of tho earlier glaciers. 
I’hese deposits gathered over the site of tho ancient forests in Switzerland, 
and overlaid tlio marine sandb and ossiferous alluvia of ri('dmont, spreading 
f.ir and wide over tho whole valh'y of tho Po. Evontuall 3 % the glaciers 
tijcmfiolves crept out upon the low grounds of Switzerland, overriding tho river 
gravels and anc'iciit foic^ts, and dropping their morainCs often miles below 
tlic low<>r ends of th(} lalci s, as at Spreiteiibach, in tlic valley of the Limmat, 
and below JMclliugen, in ilu^ valh'y of the Ihuiss. At tho same time, tho 
glaciers that occupied th(‘ Italian valleys deployed upon tho low-grounds at 
the base of the Alps, and deposited their moraines above tlic great gravel 
beds that rest iiiioii the marine sands. 

f). Einally, the ghicicrs again retired, until at last they assumed their 
present propoitions. 


NOTE G. 

InST OF OltOANK IllJMALNS FOl NI) FoSSIL IN THE GlACIAL DePOsITS OF 

/TLANl). 

(By Robert Etheridge, Jun., F.G.S.) 

The succeeding list of organisms found fossil in tlio glacial deposits o£ 
Scotland has been prepared with a view of dcinon&t rating how far such 
deposits have jirovcd fossil iferous. 

T’he list does not pretend to bo other than it is : a eom])ilation from tho 
published results of those workers vvlio ha\ e devoti’d much time and energy 
to the elucidation of the subject, a list of whoso papers and publications is 
appended. 

Tho in-esent compilation does not, perhaps, contain rvm/ siiecies recorded 
fi’om the glacial deposits of Scotland ; it is hardly possible indoiid that it 
could, for notwitlibtanding the great strides made of late tinvards the recon- 
ciliation of tho various names used by some of the earliiu* w'riters, yet so 
much doubt exists regarding tho cornictness of some of their determinations 
that it is almost impossible to avoid here and tliero, either on the one hand 
an omission, or on the other a reca])itulation, under a diflbrent designation, 
of a previously expressed species. 

It was at first contemplated to arrange the species indicated under tho 
various divisions of Till, Bouldor-clay, Brick-clays, &c., hut for reasons 
similar to those just expressed in regard to species, this idea was abandoned, 
and tho present general arrangement substituted. 

The first column of tho list is devoted to the name of the genus and species, 
the second to the principal localities at which each species has been found, 
together with a few of tho better known synonyms. 

The terminology of the Mollusca followed is that of J effreys' “ British Con- 
chology.” 

Succeeding tho list of fossils will be found a few short notes on each of 
the principal localities, with the conditions under which the organic remains 
were found. 
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The chief papers and publications consulted for this compilation are as 
follows, foremost amongst them being those of Messrs. Crosskey and 
Robertson : — 

1841. Rev. D. Landsborough. Description of Newer Pliocene Deposits at 
Stevenston. Tro. OeoL Hoc.y vol. iii. p. 444. 

1846. E. Forbes. The Fauna and Flora of the Biitish Islands, &c. Meirs, 
Geol. tSurvey, vol. i. pp. 406 432. 

1860. J. Cleghom and J. Smith. On the Till, near Wick, in Caithness. 
Quart. Jourti. Geol. Soc.^ vol. vi. p. 386. 

1863. Foibos and Ilanlcy. A History of British Mollusca. London, 1853, 
4 vols. 8 VO. 

1857. J. A. Smith. Homs of Cirvus iarandm in Dumbartonshire. Tro. 
Boy. Thyn. Soc. Bd.^ vol. i. p. 247. 

1868. T. F. Jamieson. On the Pleistocene Deposits of Aberdeenshire. Quart. 
Journ, ffroL Soc., vol. xiv. p. 609. 

1862. J. Smith. Ib'seaichos in Newer Pliocene and Post Tertiary Geology, 
Glasgow, 1862, 8vo. 

1866. J. Haswell. Glacial Clay at Cornton,near Bridge of Allan. G( 0 l. Mag , 

vol. ii. p. 182. 

Rev. 11. C. Cretsbkey. On the Telhna calcarca bed at Chapelhall, near 
Airdrie. Q^art. Jonrn. Geol. Soc., vol. xxi. p. 219. 

T. F. Jamieson. History of the* List Geological Changes in Scotland. 

Quart. Jvurn. O(ol. Soc., vol. xxi. pp. 161-203. 

J. Bryce. Order of Succession of the Drift Beds in Arran. Quart. 

Journ. Geol. Soc., vol. xxi. pp^04-213. 

Rev. T. Brown. Glacial Beds at Elie, Fifoshire. Traus. Boy. Soc. Ed., 
vol. xxiv. p. 617. 

1867. Rev. H. C. Crosskey. Fossils collected at Wiudmillcroft. Trans. Geol. 

Soc. Glasgow, vol. ii. p. 115. 

C. W. Peach. Fossils of the Boulder-clay of Caithness. Tro. Boy. 

Thy 8. Soc. Ed., vol. iii. p. 38 and p. 396. 

J. Bonnie. Bos lougifrons and B. priimgenius in the ancient drift of the 
Clyde. Tra)hs. Geol. Soc. Gla&goio, vol. ii. p. 162. 

1868. A. Geikie. Glacial Drift of Scotland. Trans. Geol. Soc. Glasgow, App., 

vol. i. 

J. C. Howden. Superficial Deposits of the South Esk. Trans. Geol. 
Soc. Ed., vol. i, p. 141. 

J. Geikie. Discovery of Bos primigenius in the Lower Boulder- clay of 
Scotland. Geol. Mag., vol. v. p. 393. 

S. P. Woodward. Manual of Mollusca, 2nd edition. London, 
1868. ^ 

1869. J. A. Mahoney. Organic Remains found in Clay near Crofthead, Ren- 

frewshire. Geol. Mag., vol. vi. pp. 390-393. 

W. B. Dawkins. Distribution of the British Post-Glacial Mammalia. 

Quart. Journ. Geol. Soc., vol. xxv. p. 192. 

Prof. Tumor. On the Bones of a Seal found in Red Clay near Grange- 
mouth. Tro. Boy. Soc. Ed., 1869-70, p. 105. 

1871. J. Young and R. Craig. On the Occurrence of Seeds of Freshwater 
Plants and Arctic hhclls, &c., in beds under tho Boulder- clay at 
Kilmaurs. Trans. Geol. Soc. Glasgow, vol. iii. p. 310. 
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Bev. H. C. Crosskey. On Boulder-clay. Tram. Geol. Soc. Glasgow 
vol. iii. p. 149. 

E. Craig. Section in Cowdcn Glen, &c. Trans, Geol. Soc. Glasgow, 
vol. iv. p. 17. 

1867-1873. Crosskey and Robertson. A series of papers on the Post Ter- 
tiary Fossiliferous Beds of Scotland, contained in the Transactions 
of the Geological Society of Glasgow, vols. ii. to iv. 

The compiler has also to acknowledge very material assistance kindly 
rendered by the following gentlemen, Messrs. David Robertson, F.G.S., H. B. 
Brady, F.G.S., James Bennie, C. W. Peach, A.L.S., and R. Etheridge, F.R.S. 


PLANTJS. 

CRYPTOGAMIA. 

Thallogens. 

Didtomaceoi and ] lesmidaccw. 

In the Cowden Glen Inter-glacial Beds, Renfrewshire, eighteen genen, 
rompribing thirty-one sp(‘eies, of Diatomacece, and three genera and species of 
lh‘i>midace<£, have been recorded by Mr. Mahoney.* 

Algales. 

Caithness, in boulder clay; Dalmuir; West 
Tarbort; Paisley; Gar vol Park New Dock, 
Groonook. 

Pfiisley. 

Paisley. 

Acrogens. 

Miisci. 

Accompanying the Diatoms of the Cowdon Glon deposit are six genera 
and eleven species of Mosses. Further information regarding these will bo 
found in IVIr. Mahoney’s pai)er previously cited, and also in another by the 
same author “ On the Botany of the Windmillcroft Beds.” f 


Nullipora (Molobesia) poly- 
morpha. Linn. 

Corallina olhcinalis. Linn. 
Jania rubens. La nix. 


FHANEEOQAMIA. 


Exogens. 

Amongst various remains of Phanerogamous plants recorded from Scotch 
Glacial Deposits the following appear to be the more worthy of notice ; — 


(’oryluB Avellana. Linn. 

„ „ sp. ind. 

CratsegusOxycanthus. Lmn. 
Betula alba. Lum. 

„ sp. ind. 

Galium palustre. Linn. 
liippuris, sp. 


Roots and stems in the inter-glacial beds of 
Cowden Glen, Renfrewshire. 

In brick-clay at l’oi*tobello. 

Do. do. 

Inter-glacial beds of Cowden Glen. 

In brjck-clay at Portobcllo. 

Inter-glacial beds of Cowden Glen. 

Kilmaurs, in a peaty deposit with the remoinb 
of Elephas pnmigentas. 


♦ G.ol. Mag., vol. vi. p. JiOl. 


+ Proc. JS'af. H%$t, Sor. Qlaagow, vol. i. p. 159 . 
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Myriophyllum spicatuni. 
Linn, 

Pedicularis palustris. Linn. 
Fmus sylvestris. Linn, 

Potamogeton luccns. Linn, 
fy sp. ind. 

Querciis, sp. ind. 
lianunciilus aqiiatilis. Lin?t. 
Salix alba. Lim?, 

? Scutellaria galcriculata. 
Linn. 

Tuxum bac(^a. Lhin. 
Vaccimim Slyrtillus. Linn. 


Inter-glacial beds of Cowden Glen. 

Do. do. do. 

Bark in tho intor-glacial bods of Cowden Glen ; 

brick-clay at Portobcllo. 

Inter-glacial beds of Cowden Glen. 

Seeds at Kilmaurs, in a peaty deposit with re- 
mains of Elephm primVfenim, 

In biick-clfty at Portobollo. 
fntcr-glacial beds of Cowden Gl(>n. 

Leaves in the beds of Cowden Glen. 

Intor-glacial bed-3 of Cowden Glen. 

Tn brick-clay at Portobollo. 

Twigs in the Cowden Glen intor-glacial beds. 


Endogens. 

Hordeum distichum. A cereal, apparently closely allied to this 

BlK'cies, was tonnd by Dr. Ilowden at Mon- 
trose, in a bed of peat resting on glacial 
marine clay beneath estuary beds.* 

Scirpus lacustris. Linn. Inter-glacial beds of Cowden Glen. 


ANIMALIA. 


INVERTEBRATA. 


Sub-kingdom: PEOTOZOA, 


Class: Ebizopoda. 

Foraminifera , 


Genus Bilocxjlina. JD ' Or ^ 
bigny. 

B. elongata. J)' Orb. 


B. depressa. F Orb, 
B. ringens. L-inn. 


Genus Bolivina. I)' Orb. 

B. punctata. ITCh b. 
Genus Bulimina. I)' Orb, 
B. marginata. I) Orb. 


B. pupoides. If Orb. 


Genus Cassidulina. D'Orb. 
C. crassa. JFOrb. 

C. laevigata. D' Orb, 


Dalmuir; Tangy Glen, near Campbeltown, in 
laminated clay overlaid by boulder clay ; 
Kilinaurs. 

Loebgilp; Duntroon; Kilchaltan Tile- work, 
Bute. 

Caithness, in boulder clay ; Lochgilp j Dun- 
troon; Paisley; Garvel Park New Dock, 
Greenock ; Kilchattan 'J'ile-work, Bute ; 
Tangy Glen, near Campbeltown. 

Duntroon ; West Tarbert. 

Caitlmess, in boulder clay ; Loebgilp ; Cambrae 
College ; Duntroon ; East and West Tarbort ; 
Garvel Park Now Dock, Greenock ; Crinan. 
Duntroon ; Garvel Park New Dock, Greenock; 
Caithness, jn boulder clay ; Kilcliattan Tile- 
work, Bute. 

Lochgilp ; Cumbrae College. 

Caithness, in boulder clay, Lochgilp; Kilchut- 
tan Tklo-work, Bute ; Tangy Glen. 


• Trans. C/ool. Soc, Eii%7ihughy vol. i, p, 144 . 
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Genus Co-RNUSPIKA. Schultze. 
Q. foliacea. Jt*hdlppi. 


Genus Criptellaria. X«- 

marck. 

C. rotulata. Latnk. 


Genus Bentalina. D' Orb, 
D. communis. D'Orb. 


D. guttifera. D'Orb. 
Genus Discobbina. DarJcer 
^ Joucs. 

B. glol)ularis. D'Orb. 

B. rosacea. D' Orb. 
Genus Globigkiuxa. D' Orb. 
G. bulloideb. D'Orb. 


Genus Laqena. Walker ^ 
Jacob. 

L. ai)iculata. Deusf^. 

Jj. hiconioa. lirmhj^ M.iS. 
; Ij. caudata. D'Oth. 

3j. distoma. T. % J. 


L. globosa. Moulg. 


L. gracillima. Seg. var. 
L. Jeffroysii. Brady. 

L. la’vis. Montg. 

L. Lyelli. Sequeuza. 

L. marginata. Moaig. 

L. semistiiata. Will. 

L. squamosa. Montg. 

L. striata. Montg. 

L. sulcata. W. % J. 


Lochgilp ; East Tarbert ; Buntroon ; Gan el 
Park New Bock, Greenock ; Tanf^ Glen, 
near Campbeltown ; Annochio, in brick clay. 


Caithness, in boulder rlay ; Crinan ; Garyol 
Park New Bock, Greenock ; Kilchattan Tile- 
work, Bute. 

Caithness, in boulder clay; Cumbrao College; 
Ciinan; Buntroon; Old Maine, Renfrew; 
Gary el Park Now Bock, Greenock ; Kilchuttan 
Tile- work, Bute. ^ 

Buntroon. 


Buntroon ; Tangy Glen, near Campbelto^\^l, in 
laminated clay overlaid by boulder clay. 

Caithness, in boulder clay ; Lochgilp ; Paisley. 

Caithness, in boulder clay ; Lochgilp ; Bun- 
troon ; Tangy Glen, nejir Campbeltown, in 
laminated clay overlaid by boulder clay. 


Garvel Park New Bock, Greenock. 

Lochgilp ; Buntroon. 

Wc'bt Tarboit. 

■\V(8t Tarbeit ; Crinan; Buntroon; Paisley; 
Garv(‘l l^irk New Bock, Gioonock; Is^- 
ehattan Tile-work, Bute. 

Caithness, in boulder clay; Lochgilp; Cumbrne 
College; EuslTarbert; Buntroon; OldMains, 
Renfrew; Paisley; Garvel Park New Bock, 
Greenock ; Kilehattan 'i’ile-work, Bute ; 
Tau'gy Glen, near Campbeltown. 

Garvel I'ark New Bock, Greenock; Tangy 
Glen, near Campb('ltown. 

East Tarbert; Tangy Glen, near Campbeltown; 

Caitlinehs, in boulder clay. 

Cum biae College; West Tarbert; Crinan; Bun- 
troon; Old Mains, Renfrew; Garvel Park New 
3 )ock, Greenock ; KilchattanTilo- work, Bute ; 
Tangy Glen, near Campbeltown ; Paisley. 
Bimtroon. 

Caithness, in boulder clay ; Cumbrao College , 
Buntroon ; Old Mains, Renfrew ; I’aisloy ; 
Tangy Glen, near Campbeltown ; Kilehattan 
Tile- work, Bute. 

Caithness, in boulder clay ; Ixxjhgilp ; West 
Talbert; Old Mains, Renfrew, 

Caithness, in boulder clay; liochgilp; Bun- 
tioon ; Tangy Glen, near Campbeltown. 
Ciunbrae College; Lochgilp; West Tarbert; 
Buntroon ; Paisley ; Garvel Park New Bock, 
Greenock ; Kilehattan Tile-work, Bute. 
Caithness, in boulder clay ; Cumbrao College ; 
Lochgilp; E.Taibert; 3)untroon ; Garvel I'ark 
N fjw Bock, Greenock; Tan gy G Icn , near Camp- 
beltown. Synonym : X. coitaUtf Williamson. 
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Genus Littola. Lmnarch. 
L. ornaia. Brady. 

L. scorpiunis. Moutf. 
Genus Nodosauia. Lamarck, 
N. humilis. Itocmor. 

N. raphanus. Linn. 

N. Bcalaris. Batseh. 
Genus Nokionina. I)' Orb. 
N. astcrizaus. F. <5* M. 


N. dcprcssula. W. ^ J. 


N. turgida. Will. 

Genus Patellina. Wil- 
hami>on. 

P. corrugala. Will. 

Genua Planohbulina. !>' Or- 
bigmj. 

P.MediterranensiH. D'Orh. 

Genus PoLYMOitniiNA. D' Or- 
hiyny. 

P. communis, f/'i % /. 

P. gibba. i>’ Orb. 

P. lactea. W. J. 


, P. oblonga. Brown. 

P. eompressa. I)’ Orb. 


Genus Polystomella. Xa- 
ma?rk. 

P. arctica. F. % J. 

P. crispa. Liuu. 


P.striato-punctata. F.%M. 


Genus PuLViNULiNA. Barker 
4‘ Jones. 

\ P. Caiucalla. llocmer / 


liochgilp. 

Paisley ; Kilcbattan Tile- work, Bute. 

Monreith Tile- works, Wigtownshire {Uco. Surv.) 

Oaithuoss, in boulder clay. 

Duntroon. 

CsiitbnesH, in boulder clay ; Cnmbrae College ; 
Tangy Glen, near Campbeltown ; Towncroit 
Fann, near Grangemouth, in red clay with 
seal bones. 

Caithness, in boulder clay ; Dalmuir ; Crinan ; 
l^aisley; Garvel Paik Now J>ock, Jvilchatlan 
Tile-work, Bute ; Tangy Glen, near Camp- 
beltown; Monreith Tile- work, Wigtowushirc 
{Geol. Surrey). 

Loehgilp ; Kiichattan Tile-work, Bute ; Dun- 
troon. 


Paisley ; Garvel Park New Dock, Greenock. 


Caithness, in boulder clay. 


C’ umbrae College. 

East Tarbeuii. 

Caithness, in boulder cla}’-; Dalmuir; Looh- 
gilp ; Kiichattan Tile Work, Bute ; Tangy 
Glen. 

East Tarbert. 

Caithness, in boulder clay ; Dalmuir ; Cumbrae 
College; East and West Tarbert; Duntroon; 
Old Mams, Renfrew ; Paisley ; Garvel Park 
New Dock, Greenock ; Kiichattan Tile-work, 
Bute ; Tangy Glen, near Campbeltown ; 
Towncroft Farm, near Grangemouth, in red 
clay with seal bones. 


Caithness, in boulder clay ; East and West 
Tarbert; Kilmaum. 

Caithness, in boulder clay ; Loehgilp ; West 
Tarbert ; Duntroon ; Tangv Glen, near 
Campbeltown, in laminated clay below 
boulder clay, 

Caithness, in boulder clay ; Dalmuir ; Loch- 
gilp ; Bucklivio ; Annoeliic, in brick clay ; 
East and West Tarbert ; Crinan; Duntroon; 
Old Mains, Renfrew ; Paisley, in laminated 
clay under a true glacial clay; Kiichattan 
Tile- works, Bute ; Tangy Glen, near Camp- 
beltown , AVindmillcroffc ; Terally Brick- 
work, near Drummore, and Monreith Tile- 
work, Wigtownshire {Geol. JSurvey). 


Caithness, in boulder clay. 
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Genus QuiNauBLocuLiNA. 
Z>’ Orhigny, 

Q. agglutinans. JD' Orb. 
Q. bicornis. W. % J. 

Q. seminulum. Limi, 


Q. subrotunda. Montg, 


Genus Kotalu. Lamanl, 
li. Beccarii. Lxnn, 


li. orbicularis. If Orb. 

K. Soldarii. If Orb. 
Genus vSi'lROLOCULI>A. 
jy Orhigny. 

S. limbala. If Orb. 

8. planulata. Lamk. 

Genus Textularia. l)e- 
france, 

T. dififormis. I)' Orb. 

T. sagittula. De franco. 
T. varial)ilis. Will. 

Genus Tiuloculina. L" Orb. 
T. oblouga. Montg. 

T. tricarinata. If Orb. 
Genus Tkochammina. Par- 
ker Jones. 

T. incerta. If Orb. 

T. inflata. Montg. 

Genus Tkijncatulina. 
jy Orbigny. 

T. lobatula. W. J. 


Genus Vaoinulina. If Orb. 
V. legumen. Li)in. 

V. linearis. Montg. 
Genus Verneuilina. If Orb. 
V. polystropba. Reim. 


Genus Cliona. fir ant. 
0. csslata. Grant. 


Paisley ; Garvel Park New Dock, Greenock. 

Duntroon. 

Caithnt ss, in boulder clay ; Dalmuir ; Cumbrac 
Gollegc ; Lochgiip ; East and West Tarbort ; 
Duntroon; Paisley; Garvel Park New 
Dock ; Kilchattan Tile-work, Bute ; Tangy 
Glen, near (Jampbtdtown, in laminated clay 
b('low boulder clay ; WmdrnilJcroft. 

Caithness, in boulder clay ; Dalmuir; Cumbrao 
College ; Lochgiip ; East Tarbort ; Dun- 
troon ; Paisb'y ; tbiiwel Park New Dock, 
Greenock; Kilchattan Tile-\^ork, Bute; 
Tangy Glen, near Campbeltown. 

Caiihness, in boulder clay; Paisley; Kil- 
ebattan Tile-woik, Bute ; Tangy Glen, neai‘ 
C.im])beltown. 

LocbgiJj). 

Caithness, in boulder clay. 


Duntroon. 

Dalmuir. 


Caithness, in boulder clay. 

Lochgiip. 

West Tarbert ; Duntroon. 

Caithness, in boulder clay; Lochgiip; Garvel 
Paik New Dock, Greenock ; near Paisley. 
Garvel Park New Dock, Greenock. 


Caithness, in boulder clay. 

Caithness, in boulder clay ; Duntroon. 


Caithness, in boulder clay ; Dalmuir ; Cum- 
brae College ; Lochgiip ; A^Vst Tarbert ; 
Crinan ; Duntroon ; Old Mains, Renfrew ; 
Paisley ; Garvel Park New Dock, Greenock ; 
Kilchattan Tile- work, Bute ; Tangy Glen, 
near Campbeltown. 

Caithness, in boulder clay ; Tangy Glen, near 
Cami>beltown. 

Caitlmobs, in boulder clay. 

Garvel Park New Dock, Greenock ; Kilchattan 
Tile-work, Bute. 

Sponyida, 

Caithness, in boulder clay; Dalmuir; Old 
Mains, Renfrew; Paisley; Garvel Park N(‘w 
Dock ; Kilchattan Tile- work, Bute ; Loch- 
gilp. 
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Geo us Geodia. Lamar cl, 

G., sp. ind. Ciiithness {C, W, Peach), 

Genus Si*oxaiLLA. Lamarck. 

S. Iluviatilis. Pallas, Inter-glacial l)eds at Covvdcn Glen, Renfrew- 
shire. 

Sub-kingdom: CffiLENTSRATA. 

Class: Actinozoa. 

Order: Znantharia (Z, sclerodermata). 

Genus S]*HEX()TiiociirH. 

JUdward'i Manac, 

S. Wriglilii. Oossc. Old Mains, Renfrenv. 

Sub-kingdom: AITNULOIBA. 

Class: Eebinodermata. 

Opliiuroidea, 

Dalmuir; I'aisley ; (r uvel Paik Nf w Doek, 
Greenock; the leinaiTis of this species con- 
Riat tor the most part ot spines and plates. 
(^WthnesR, spines in boulder clay. 

West Tarhert; Diintroon ; Girvol Patk New 
Dock, Greenock ; Kilcluttan Tile-work, 
IhiJe. 

Gaivel Paik New Dock, Greenock. 


Coast, two miles west of Dunbar, in brick-clay 
{Allman ) ; iilonlrose {ILtwdeu). 

pjchiiioidea, 

Diilmuir; Cumbrae College; Loebgilp ; East 
and \Vc>t Tarbort ; Cnnan ; Duntroon ; Old 
Mains, Ronfiew ; Paisley ; Gai vel Park Now 
D' ek, Gieonoek; Kilchaltan Tile-work, 
I>ul«. 

Langhank 'J. Young), 

Oailliiiess, spines in boulder elay. 

Loebgilp ; Garvel P.irk New Dock, Greenock; 
Kilchaltan Tile- work, Bute. 

Kilcbattan Tile- work, Bute {Crosskeg ^ 
Robertson), 

Holothuroidea, 

Genus Psolus. Oken, 

1*. phantopus. Lum. Houston, near Glasgow, in brick clay ; * Bute 
{Prof. Geikie), 

(jrtinmSiTvscuijVB. Linnaus, _ • 

fcj. Bombard us P Forbes. Caithness ; Dalrnuir, remains in Trophon cla^ 
fhralus ; Gar\el Paik Now D jck, Greenock. 


Geim<? Oi’HioeoMA. Agassiz. 
O. bojlis. Link. 


O. rosuH. Link, 

Genus Oi'iiiuRA. Lamarck. 
O. alb) da. Forbes. 


O. texturata. Lamk. 
Gt'iius Oi'iiiOLErih. J[all( r 
^ Troschel. 

0. grac.ba. Allman. 


G < nus Echinus. Linneens, 
E. Drobacbicnsis. Midler. 


P E. lividus. Lamk. 

E. iioglectus. Lamk, 

E. spbiora. Muller. 

Genus Am PHiDOTUS. Agassi:. 
_A., sp. ind. 


Owen, PalaonMrgg, ISGl, p. 41. 
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Gemis Hjtmopis. 
H, sanguiBorki. 


Sub-kingdom: ANNITLOSA, 

Class: Annelida. 

Hirn'lhiea. 

Jaws and tooth of tlio “ UoTse LoooU ” li\vo 
hcen doloctod in tho intor-giMcial I'ed's at 
C’owdon Glen, llcnfrewbhire {Mahoney), 


GennsFiLoaiiANA. Berlehy. 

F. i in j )1( xa. Berh el, y, 

( 1 ('ll 11 s Pec tin aria. Lamurcl', 
r* 1\, sp. iiid. 

Genus SiciiruLA. hnutfriiH. 
S. tiiquetra. Mtu Un . 

S. v(‘rmiciilaris. TAlls. 


G-eniis SpiRORBifl. Lamard, , 
S. eannatuH. F/rin, 

S. eoirugntus. MnnUj. 

S. granuLitus. jlnnty. 

S. imutilnidoa. Lam. 

S. spiiillum. Lmu. 


Tithicola. 

Garvel Park N('W Dock, Greenock. 

Gaithnesa, in hotilder clay {C. TF. IWfch), 

Palmnir; Stevenston(7!,^/;/^A^y?w////t, tide Smt/F; 
Lochgilp. 

Giithiiosa, in boulder clay; Palinnir; Loeh- 
gilp ; W(Ht Taiboit ; (Haivel Park New 
DxM’k , Kilchatt.iii 'J'ilo Woik, Bute. 

Pa is! 05'’. 

Bute {S/jnfh). 

Caithness, in bouldi'r clay. 

Dcilmuir ; Stevonston {LaHrldoyoffylifiiiloSnitf/i). 

SMionyni: Serpala spirorbis, Jjin. 

Kust Tarhcit ; Duntioon; Paish'y ; ()r(r\el 
J’uik Now J)ock, Gieun(;ck; Arran. 


Class: Crustacea. 


G(*nn8 r>ALANT’8. Lister. 
B. balanoides. Jaun. 
B. eoncavns. Broun, 
B. crenatus. Bray. 


B. Ilameri. Ascaaius. 


B. jioreatus. 2)a Oasfn. 


Geim8VBRRT''rA. Schamaehcr. 
V. Stidiriia. Mailer. 


Cin'iimdut. 

Paisk'v ; Windnnlletoft : Palrnuir (iS'vy/iM.) 

Abel (leeri. sill K' [JahUfsoty fnli tSaiilh). 

Caitlmcsfi, III bonldei clay ; Dalmutr ; Paisley; 
Cnmlnae (kdiege ; Bast and West Taiberf ; 
Ciin'in; Old JVfains, Ilenlrew ; Gaivol J*ark 
K«\v l)o(k, Gietiuak; Kilchattaii Tiln- 
woik Bull*; Duntroon. 

Loehgilp; Old IVLiiiis, Uenfrew; Garvel Paik 
New Dock, (heenoek ; this is tho jirevailin^ 
Ciirq^O'le at U .de\alhi. r Synon}Tn : B. wL 
(healeush^ Bin. 

Caiihne.ss, in luniMer day; Dalniuii'; Ciimbiae 
Collogi', Boehml]); West Talbert ; Crinari ; 
Old iMiJiiis, Jteiiliew ; Duntroon; Paisley, 
attaclied t> huge bouldois; Garvel Pai k 
N‘ w Dock, Gioi nock ; Kilchattan Tile-wui k, 
JhBe; Blie and Errol, Ft fe. Syrionyma: B. 
JSioftcus (Bn^wn) ; ? li. Costatas (8uiith, Hl~ 
sinrchesj p. 48). 

Caithness, in boulder clay ; Dalmuir ; Ciimbi'KO 
Collegt’ ; Loehgilp ; West Tarbert ; Crinaii , 
J)uii1roon ; Old Idains, Koiifrew; Paislt'v ; 
Garvel Paik Now Bock, KilcJiattan Tile- 
woik, Bute; 'J’angy Glen, n6ar Cainphol- 
town.fi ^Synonym : Creasta verruca (Lam.) 
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Ostrncoda, 

As the subject of Post-tertiary Ostraeoda is at present undergoing con- 
siderable revision at the hands of Messis. Orosskey, Kobertson, and G. S. 
Brady, it has been thought better to omit any list of these interesting 
organisms, as a compilation, however carefully executed, must, under existing 
circumstances, be very imperfect. 


G^^nus Caucinus. Leach, 
h C. menus. Linn. 


Chuius Paouhfs. Fnhricim. 
P. Bernhardus. Linn. 


Decapoda. 

Bridge of Johnstone, near Paisley (fragments 
of the cai apace, &c., Frof. Get hie ) ; Oban 
{Prof. GciKlc). 

Dalmuir (fragments) ; Cumbrae College (a claw). 


Sub-kingdom: MOLLUSCA. 

Section: MOLLUSCOIDA. 


(icnusCABEHEA. D* Orbtgntj, 
C. Ellisii. Flein, 

Genus Canda. Lumouroux. 

C. leidans. Linn. 

Genus C ellki'oka. lutbneins. 

C. piimicosa. Linn. 
Otnus Cellulauia. PaUan. 

C. scruposa. Linn. 

Genus Ckisia. Lnniouroux. 
C. dcnticulata. Lam, 

C. eburnea. Linn. 


Gcnu^DiscoroRELLA. Orb. 
D. Giigtionieiihis. Husk. 
D. hispida. Flcinvtfi. 
Genus Flcstha. JAiinmas . 

F. aviculuria. Monl. 
Genus LLippotuoa. Lnmuii- 
roux. 

H. catenular'a. Jamiet^on. 
n. divancata. Luntx. 
GoiiusIdmonea. Lanmtronx. 

L fenestiata. lUihk. 
Genus Llpiialia. Johnston. 
L. annuLita. Fabr. 

L. coDCinna. Husk. 

L. ciuenta. Nonnan. 

L. crystallina. Nonnan. 
Lu hyalina. Linn. 

L. Peachii. Johnston. 

L. Peachii var dabiosa. 
Johnston. 

L. pertusa. Esper, 

L, simplex. Johnston. 


Class: Polyzoa. 

Garvcl Park New Dock, Greenock. 

Duntroon ; Paisley. 

Caithness, in boulder clay. 

West Tarbert. 

Caithness, in boulder clay. 

Dalmuir; Luchgilp; Craian ; Duntroon ; Pais- 
ley ; Gaivel Paik New Dock; Kilcliattau 
Tilu-work, Bute ; Tangy Glen, near Camp- 
beltown. 

Dalmuir; Duntroon. A crag form. 

Paisley. 

Duntioon. 


Caithness, in boulder clay ; Dalm uir ; D untroon . 
Caithness, in boulder clay. 

Garvel Park New Dock, Greenock. 

Do. do. do. 

Garvel Park Now Dock, Greenock; Lxkgilp. 
Garvel Pttik New Dock, Gn'enock. 

Do. do. do. 

Do. do. do. 

Caithness, in boulder clay ; Cumbrae College; 
Lochgilp; Dalmuir; Garvel Park New Dock. 

Caithness, in boulder clay. 

Dalmuir. 

Caithness, in boulder clay. 
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L. tuhulosa. Normau, G-arvel Park New Deck, Greonook. 

L. unicornis. Flehting. Caithness, in boulder clay ; Dalniuir, with tlio 
central mucro preserved (6^/ VJftf/K'// ^ Jioho't- 
fton ). 

L. verrucosa. Fsper. Dalmuir; Duntroon ; Garvol Park New Dock, 

Greenock. 

Genus Membranipoha. 

Blah} mile, 

M. craticula. Alder. Paisley. 

M. Flemingii. B((sl. Lochj^ilp ; Gar vol Park New Dock, Greenock. 
M. unicornis. Flemmg. Paisley; Dalmuir; Duntroon. 

M., sp. ind. • Caithness, in boulder clay {C. IF. Peach), 

Genus S alicounauia. Cuvier. 

8., sp. ind. Caithness, in boulder clay {(\ IF. Piach), 

(ienus Tlbulipora. La- 
marck. 

T. flabellaris. Fahr, Dalmuir. 

T. hiH))idii. Flvmuaj, Dalmuir ; Caithness, in boulder clay. 

T. patina. Luut. Gaiwol Paik Now Dock, Greenock. 

T. idialangea. Couch, Dahnuir; Duntroon. 

serpens. Lmu. Dalimiir. 

?T. verrucaria. M. Filw. Largs {LamUhorough^ fide Forhva), This is 
probably a synonym of T. phnlaugea^ Couch. 

Class: BracMopoda. 

Genus Hiiynchonella. 

Fischer. 

II. (Terebratula) psittacea. Ayrshire {Forbes) ;* Caithness {C. IF. Peach), 
Chem. 

Genus Teiiekkatula. Llixcgd. 

T. caput-serpentis. Linn. Ayrshire {Smifh).f 

Section ; MOLLUSCA PROPER. 

Class : Lamellibranchiata. 

Movmnynrid, 

Genus Anomia. Ja ufcus. 

A. ephippium. Linn. Caithness, in boulder clay; Dalmuir; Luck- 
now Pit, Ayrshire ; Paisley; Lochgilp ; Gar- 
Vfcl I’aik New Dock, Greenock ; West Tar- 
b(*rt ; Duntroon ; Old INTains, Renfrew ; 
Kilchattan Tile- work, Bute , Gamric ; 

Cumbrne College. 

A. ephippium varaculcata. Dalmuir; Loebgilp ; Paisley; Stevenston 
Linn, {Smith) ; Cumbrae College; Gaivel Park New 

Dock, Greenock ; Kilchattan {Jamieson). 
Paisley ; Caithness, in boulder clay ; Lochgilp ; 
A. ephippium var squa- Garvel Park New Dock, Greenock. 

mula. Linn. Stevenston {Smith) ; a tertiary fossil of the 

A. patelliformis. Linn. Clyde Bods {Jeffreys). Synonym; A. undu- 
latUy Gmelin. 

Genus Ostrea. Linnaeus. Lucknow Pit, Ayrshire ; Kyles of Bute {Prof. 
O. edulis. Linn. Giikie)\ Gourock {Prof. Geikie) \ Comton 

{Jlaswell) ; Caithness {Peach').^ Messrs. 
Crosskey and Robertson have failed to dis- 
cover this species in any of the older glacial 
beds of the Clyde. 

* jdtms. Gtol. Survey y vol. i. p. 406. 


+ JlestarchtSt p. 65. 
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Gonas Pecten. FUmj . 

P. Grcjcnlaudicus. Sow. 


P. Islandicus. Muller. 


P. maximus. Linn. 

P. opercularis. Linn. 

P. pusio. Linn. 

P. septemradiatus. Muller. 

P. similis. Lahkey. 

P. tigrinus. Muller. 

P. variue. Linn. 


Elie and Errol, a few foot below the surface ; 
Tangy Glen, near Campbeltown ; Montrose, 
at a (lepth of from 30 to 40 feet below the 
surface. Synonym: T. vitrem. Gray, [non 
Chem.] 

Dalmuir; Cumbrae College; Paisley; West 
Tarbert ; Dnntroon ; Old Mains, Renfrew ; 
Kilchaitan Tile- work, llute ; Garvol Park 
New Dock, Greenock ; Caithnej<s, in boulder 
clay; Foit William; Kilmaurs (/. Young ) ; 
Bolhehdo ; Ellishill ; Arran {Bryce) ; Lang- 
bank; Lochgilp. 

Kyles of Bute {Prof. Geilie) ; Fairlio {Prof. 
Geil'te) ; Caithness, in boulder clay ; Gar\’ol 
Park New Dock, Greenock. 

Caithness, ,,in boiildor clay ; Lucknow Pit, 
Ayi shire ; Kyles of Bute {Prof. Geikte); 
Arran {Bryce) ; Crud('n {Jamieuon). 

Dalmuir {Smith). Simony m : P. sinuosusy 
Tiirton. 

Loch Lomond Beds {Smith) ; Clyde deposits 
{Jejhys). Synonyms: P. Danicus, Chem.; 
P. trirathafusy Muller. 

Fifeshire {Flemingy fide Smith). A Coralline 
Crag fossil {S. Wood). 

Loch Lomond Beds {Smith). SjTionym : P. 

oh.iolctu.Sy Pennant. 

Dalmuir {Smith). 


Genus Artbmts. Poll. 

A. laevigata. Forbes. 
Genus Astahte. T, Sowerhy. 
A. borealis. Chem. 


A.borealis var semisulcata. 
Leach. 

A. compressa. Monty. 


A. compressa var globosa. 
Mi u llcr . 

A. compressa var striata. 
Muller. 

A. crebricostata. Forbes. 
A. sulcata. Pa Costa. 


Dimyaria. 

Stevenston {Landshorough). 

Caithness, in boulder clay ; Dalmuir ; Luck- 
now Pit, Ayrshire ; Ciinan ; Stevenston. 
{Tjand.dwroughyy Gamrie; Bute {Prof. Geikie ) ; 
Lochgilp ; Gourock Ui^rof. Geikie ) ; Eri ol ; 
Holy Loch {Prof. Geikie ) ; a true arctic 
form. Synonyms: A.aretiea; A. IsUmdiea. 
Bu^o; Wick {Smith). SjTionyra : Crassina 
TPifhami, Smith. 

Caithnes'-jin boulder clay; Dalmuir; Lochgiln; 
Gourock ; West Tarbert ; Duutroon ; Old 
Mains, Renfrew; Garvel Paik Now Dock, 
Greenock ; Kilchattan Tile- works, Bute ; 
Cr«»ftamie, in blue clay; Gamrie; Elio; 
Paisley; Stevenston {Landsborough). Sy- 
nonyms : A. i^opinqmy Landsborough ; 
A. mnUkostatay Smith ; A. Cddevallensisy 
Smith. 

Paisley; Garv^el Park New Dock, Greenock. 
Paisley. 

Dalmuir and Bnto {Smith). An arctii* form. 
Lochgilp; West Tarbert, Old Mains, Ren- 
frew; Garv’el Park New Dock, Greenock; 
Caithness, in boulder clay ; Paisley. 
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A. sulcata Tar elliptica. 
Brown. 


A. sulcata var Danmo- 
niensis. 

A.sulcatavar Scotica. M. 

Genus Axinus. J. Sowcrhy. 
A. ferruginosus. Forbes. 

A. flexuosus. Montg. 

A. floxuosus var Gouldii. 
Phil, 

A. flexuosus var Sarsii. 
Phil. 

Genus Cardium. LnmtBus. 
C. aculeatum. Ltmi. 

C. echinatum. Linn, 


C. edule. Linn. 


C. exiguum. Gmelin. 


C. fasciatum. Montg. 


C. Groenlandicum. Chi ni. 
C. minimum. Phil. 

C, Norvegicum. Spengler. 


Genus Corbula. Bruguiere. 
C. gibba. Olivi. 

Genus Crenella. Brown. 
C. decussata. Montg. 

C. fiiba. Muller. 

Genus Cyamium. Philippi. 

C. minutum. Fahr. 
Genus Cyprina. Lamarck. 
C. Islandica. Linn. 


Dalmuir ; Lochgilp ; Loch Long {Prof. Otikie ) ; 
Paisley; Bute; Croftamie; Belhelvie. Sy- 
nonyms: A. gairensiss Smith; Crassina 
elliptica., Brown ; Crassina ovata. Brown ; 
A. semisulcatay Jeffreys [non Leach], 

Stevenston {Smith) ; Banff {Smith). 

Gamrie {Prestwich) ; Caithness ; Clyde Beds 
{Smith). 

Annochie {Jamieson). Synonym : Lucina fer- 
rnginosOj Forbes.^ 

Dalmuir: Lochgilp; East and West Tarbert; 

(Mnan ; Duntroon ; Cumbrae College. 
Lochgilp; Paisley; Kilchattan Tile- work, 
Bul>e; Garvol Park New Dock, Greenock. 
Synonym: Lncina Gouldii ^ Philippi. 
Annochie {Jamieson ) ; Arran {Bryce). Syno- 
nym : Axinus Sarsii^ Philippi. 

Stevenston {Landshorough). 

Caithness, in boulder clay ; Paisley ; Kilchattan 
Tile-work, Bute ; Lochgilp ; Gamrie ; 
Comton, nejiT Bridge of Allan ; Belhelvie ; 
Ijucknow Pit, Ayrshire. 

Caithness, in boulder clay; Dalmuir; Old 
Mains, Ilcnfrew ; Garvel Park New Dock, 
(Trocnock; Kilchattan Tile-works, Bute; 
(^ornton, near Bridge of Allan; Lochgilp; 
Lucknow Pit, Ayrshii’e. 

Caithness, in boulder clay ; Paisley ; Lochgilp ; 
Ihilmuir {Smith ) ; Bute {Smith ) ; Garvel 
Paik New Dock, Greenock. Synonym : C. 
pyffmeemn., F. k. If. 

Caitlmess, in bouldcT clay ; Cumbrae College ; 
West Tarbert ; I’aisley ; Garvol Park New 
Dock, Greenock ; Arran ; Lochgilp. 

Gamrie {Jamieson) ; King-Edward {Jamieson). 
But(‘ {Smith). Synonym : C. Siiccicum^ F. & H. 
Caithness, in boulder clay ; Cruden ; Cambrae 
College ; Stevenston {Landsborough) ; Luck- 
now Pit, Ayrshire. Synonym : C, Imvigatum^ 
Penn et auct. [non Linn.]. 

East Tarbert ; Tangy Glen, near Campbeltown. 
Synonym : C. nucleus^ F. & H. 

Caithness, in boulder clay ; Elie. 

Errol {Jamieson). 

West Tarbert. 

Caithness, in boulder clay ; Dalmuir ; Cumbrae 
College ; Lochgilp ; Lucknow Pit, Ayr- 
shiro ; Paisley ; West Tarbert ; Duntroon ; 
Old Mains, Renfrew ; Garvel Park N e w Dock, 
Greenock; Kilchattan Tile- work, Bute; Gam- 
rie ; Elie ; Ohapelhall ; Ellishill ; Langbank ; 
Croftamie, Dumbartonshire, in blu( clay. 
Synonym : Venus Islandtcusy Linn. 
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Genus Donax. Linimus, 

D. vittatuB. Da Costa, 

B. tnmcultiB. Linn, 

Genus Glycimehis. Za- 
marck. 

G. siliqua. Lamk, 

Genus Kellia. Turion. 

K. suborbicularis. Montg. 

Genus Leda. Schumacher. 
[L. antiqua. SmithJ] 


L. arctica. Gray. 


L. limatula. Sa/y. 
L. lucida. Lovin, 

L. minuta. Muller, 


L. pemula. Muller. 


L. pemula var baccata. 
Steenst. 

L. pemula Yor mucilenta. 
Steenst, 

L. pygmsea. Munster, 


L. pygmsea var gibbosa. 
Smith, 

L. pygmsea var lenticula. 
Muller, 

Genus Lepton. Turtm, 

L. nitidum. Turton. 

Genus Lucina. Bruguiere, 
L. borealis. Linn. 


L. spinifera. Montg, 

Genus Lucinopsis. Forhes 
# Manley, 

L. undata. Tennant, 


Caithness, n boulder clay ; Ayr {Smith). 

Synonym : D. anatinuSf F. & H. 

This shell is recorded by Smith ♦ from Steven- 
%ion. Jide Laudsborough. 


Caithness, in boulder clay. 

St. Ferj^s {Jamieson) ; a very doubtful deter- 
mination. 

This is mentioned by Smith in his list, but 
without any locality ; a very doubtful 
form. 

Elie and Errol ; Lucknow Pit, Ayrshire. 
Montroso ; Tyrie. Synonyms : Leda {Nucula) 
trnncata. Brown ; Nucula Tortlandica^ Hitch- 
cock. Essentially an arctic species ; occurs 
in the “ Leda clay of Montreal. 

King-Edward {Jamieson), 

Do. do. 

Caithness, in boulder clay ; Elie and Errol ; 
Bute. Synonyms : Nucula minuta^ Smith ; 
Ijoda eaudaia^ F. & H. 

Dalmuir ; Lochgilp ; Duntroon ; West Tar- 
bert ; Old Mains, Renfrew ; Paisley ; Crinan ; 
Garvel Park New Dock, Greenock ; Tangy 
Glen, near Campbeltown ; Arran ; Wind- 
millcroft ; Kilmaurs. S^onyms : Nucula 
ohlongay Brown. [Forbes placed Leda rostraiay 
Lamk., recorded from Dwmuir by Smith, as 
a synonym of N, ohlongay Brown.] 

Caithness, in boulder clay. 

Paisley; Garvel Park New Dock ; Kilchattan 
Tile-work, Bute. 

Dalmuir ; Lochmlp ; West Tarbert ; Crinan ; 
Duntroon ; Old Mains, Renfrew ; Paisley ; 
Montrose; Annochio, in brick clay; Caith- 
ness, in boulder clay; Tangy Glen, near 
Campbeltown ; Elie and Errol ; WindmiU- 
croft ; Cumbrae College. 

Cumbrae College. 

Paisley ; Garvel Park New Dock ; Kilchattan 
Tile-work, Bute. 

Lochgilp. Occurs in the post-glacial beds of 
Christiania {Sars), 

Kyles of Bute, and Gnurock {Trof, Oeikie) ; 
Caithness, in boulder clay. Synonym: Venus 
horealisy Linn. 

Caithness, in boulder clay. 


Ayr {Smith ) ; Kyles of Bute {Crosskey). 


JlesearehfSy p. 49. 
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Genus Lutr.\ria. Lamarck. 
L. elliptica. Lamk. 


Genus Mactra. Linnmus, 
M. solida. Linn, 

M. solida var olliptica. 
Brown. 

M. solida var truncata. 
Montg. 

M. subtruncata. Da Costa. 


M. subtruncata var striata. 
Brown. 

M, stultorum. Linn. 


Genus Modiolaria. Beck. 
M. albicostata. Sow. 

M. discors. Linn. 

M. discors var la?vigata. 
Gray. 

M. nigra. Gray. 


Genus Montacuta. Turton. 
M. bidentata. Montg. 

M. olovata. Stimphon. 

M. ferruginosa. Montg. 

Genus Mya. Linnmus. 

M. aronaria. lAnn. 

M. truncata. Linn. 


M. truncata var Uddeval- 
lensis. Forbes. 

Genus Mytilus. Linnmus. 
M. edulis. Linn. 


M. modiolus. Linn. 


Genus Nucula. Lamarck. 
N. nitida. O. B. Sow. 


Kyles of Bute ; Lucknow Pit, Ayrshire. 
Fossil in all our upper tertiaries from the 
Scotch glacial beds to the coralline crag 
(Jeffrey!). 

Kyles of Bute {Prof, Gcikie) ; Stevenston 
{Landshorough) ; Forth beds (Jmith). 

Stevenston {Landshorough) ; Buntroon ; Gamrie. 
Forth beds (Smith). This appears to be a very 
doubtful aetermination. 

Cumbrao College; Kilchattan Tile- work, Bute ; 
Forth bods A). Synonym: M. cuneata^ 
Sow. 


Dalmuir. 

Jeffreys remarks that this shell occurs, “but 
not commonly, in all our upper tertiary strata, 
from the Scotch glacial beds {Smith) to the 
coralline crag {8. Wood).** * 

Dalmuir {Smith). Perhaps a variety of 
M. discors f Linn. 

Paisley. Synonym : Crenella discors^ F. & H. 

Dalmuir ; Lochgilp ; Elie ; Errol. 

Kyles of Bute {Cross key) ; Errol ; Garvol Park 
New Dock, Greenock. Synonyms : Crenella 
mgrttf F. & H. ; Modiola nigra^ Gray. 

Dalmuir. Synonym : Mya bidentata^ Montagu. 

Lochgilp ; Tangy Glen, near Campbeltown. 

Kilchattan Tile- work, Bute. Synonym; Mya 
ferruginosa, Montagu. 

Bute {Smith) ; Lochgilp, a single valve only. 

Windmillcroft ; Dalmuir ; Cumbrae College ; 
Lochgilp; East Tarbert; Duntroon; Old 
Mains, lionfrow ; Paisley ; Kilchattan Tile- 
work, Bute ; Garvel Park New Dock, 
Greenock ; Wick ; Elie {Jamieson) ; Rothe- 
say; King-Edward; Elie. 

Dalmuir ; Lochgilp, in situ ; Bute and Wick 
{Smith) ; Rothesay. 

Dalmuir ; Cumbrao College ; Lochgilp ; Old 
Mains, Renfrew ; Paisley ; Garvel Park New 
Dock, Greenock ; Caithness, in boulder clay ; 
Gumrie ; Cornton, near Bridge of Allan ; 
Ellishill. 

Dalmuir; Cumbrae College; Lochgilp; West 
Tarbert ; Old Mains, Renfrew ; Paislejj ; 
Kilchattan Tile-work, Bute; Caithness, in 
boulder clay ; Crinan ; Gtervel Park New 
Dock, Greencck. 

Paisley {(h'osskey). 


* British Conchology, vol. ii. p. 423. 
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N. nucleus. Linn, 

N. nucleus var tumidula. 

Jfa/m. 

N. sulcata. Brofin, 

N. tenuis. Montg. 


K. tenuis var expansa. 
Meeve. 

N. tenuis var inflata. 
March. 

N. proxima. S^ay. 


Genus Pholas. Lister. 
P. crispata. Linn, 


P. dactylus. Linn. 

Genus PsAMMOBiA. Lamar ch. 

P. Ferrbensis. Chem. 
Genus Saxicava. Fleurian 
de Belkiue. 

S. Norvegica. Spengler. 


S. rugosa. Linn. 


S. rugosa var arctica. Linn. 


S. rugosa var precisa. 
Montg, 

S. sulcata. Smith. 


Genus ScaoBicuLABiA. Schu- 
macher. 

S. alba. S, Wood. 


S. prismatica. Montg. 


Genus Solecub,tus. Be 
Blainville. 

S. candidus. Renier. 


Caithness, in boulder clay ; Lochgilp; Paisley, 
Rothesay. Synonym ; Area nuelea, Linn. 

Paisley. 

Caithness (Beach). This appears to bo of very 
doubtful stability. 

Lochgilp ; West Tarbert ; Duntroon ; Paisley ; 
Gar\^el Park New Dock, Greenock; Kil- 
chattan Tilo-work, Bute ; Annochie ; Mon» 
trose ; Cumbrao College. 

Cumbrae College. 

Paisley ; Elie and Errol. A decidedly arctic 
shell. 

Recorded from Aberdeenshire by Smith,* Jide 
Jamieson. According to Gould this shell is 
closely allied to, if not identical with, JV. 
nitida^ Sow.+ 

Stevenston (Landshorough) ; Cumbrae College ; 
Gamrie ; King-Edward ; Kilchattan Tile- 
work, Bute. 

Stevenston (Landsboroicgh) ; Ayr (SmitJt). 

Kyles of Bute ( CrossJccy). 


Caithness, in boulder clay; Bolhelvie; Gou- 
rock ; Fairlie ; Kyles of Bute ; Langbank. 
Synonyms : Panopwa arctica^ Gould ; P. 
BwoncCf Smith ; Bahcpcea Norvegica^ F. 

&n. 

Caithness, in boulder clay ; Elie and Errol ; 
Dalmuir ; Lochgilp ; Cumbrae College ; East 
and West Tarbert ; Old Mains, Renfrew ; 
Garvel Park New Dock, Greenock ; Paisley ; 
Kilchattan Tile-work, Bute ; Rothesay. Sy- 
nonym : 8, pholadis, Linn. 

Lochgilp ; Dalmuir ; East Tarbert ; Garvel 
Park New Dock, Greenock ; Kyles of Bute. 
Synonym : My a arctica , Linn. 

Lochgilp, one valve only. 

Paisley ; Montrose ; Annochie ; Kyles of Bute ; 
Ellishill ; Bolhelvie ; Rothesay. 


Dalmuir; Lochgilp; West Tarbert; Dun- 
troon; Garvel Park New Dock, Greenock. 
Synonyms : Ligula Boysii, Montg. ; Abra 
alba, S. Wood ; Syndosmya alba, F. & H. 
Lochgilp ; Kilchattan Tile-work, Bute ; 
Greenock {Bmith). Synonyms: Ligula 
prismatica, Montg. ; Syndosmya prismatica, 
F. & H. 


Caithness (Beach). 


+ Jeffreys, Bfxixsh Conchology, vol. ii. p. 160. 


Researches, p. 54. 
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Genus Solbn. Zinneeus. 

S. siliqua. Linn. 

Genus Tapes. MuhlfeldL 

T. decussatus. Zmn> 

T. puUastra. Linn. 

T. vir^Gus. Linn. 
Genus Tellina. Linnaus. 
T. Balthica. Linn. 


T. calcarea. Chem. 


T. crassa. Linn. 

T. donacina. Linn. 

T. fabula. Gronovins. 
T. Grconlandica. BecJc. 
T. squalida. Fulteney. 

T. tenuis. Da Costa. 
Genus Thuacia. Leach, 
T. myopsis. Beck. 

T. papyracoa. B'H. 
Genus Venus. Linncetts. 
V. casina. Linn. 

V. exoleta. Linn. 


V. fasciata. Da Costa. 
V. gallina. Linn. 

V. linota. Fulteney. 


V. ovata. Fennant. 

Genus Yoldu. M oiler. 
Y. hyperborea. Loven. 
Y., sp. ind. 


Fragments in Clyde beds {Frof. Qeikie). 

Scotch and Irish beds {^Forbes) ; Lucknow Pit, 
Ayrshire. 

Clyde beds {Smith) ; Lucknow Pit, A3rrshire. 

Synonym : Vettus pullastra, Smith. 

Kyles of Bute {Frof. Geikie). 

Caithness, in boulder clay; Dalmuir; Old 
Mains, Kenfrew; Paisley; Gamrie; King 
Edward; Belhelvie. This form occurs in 
the Bridlington and mammaliferous crags. 
Isle of Man beds, and Scandinavian deposits, 
&c. Towncroft Farm, near Grangemouth, 
in muddy sand above a red clay containing 
seals’ bones. Synonjun : T. solidala, F. & H. 
Caithness, in boulder clay ; Elie ; Dalmuir ; 
Lochgilp; Lucknow Pit, Ayrshire; Wind- 
millcroft ; Cumbrae College ; East Tarbert ; 
Crinan; Duntroon; Old Mains, Renfrew; 
Paisley ; Kilchattan Tile- work, Bute ; 
Comton, near Bridge of Allan ; Chapelhall ; 
Gamrie ; Belhelvie ; Rothesay. Synonyms : 
T. proximUf Brown ; T. sordi^^ Couthouy. 
Ayr {Smith). 

Banff {Smith). 

Lochgilp. 

Bute {Forbes). 

Kyles of Bute {Crosskey) ; Dalmuir. Synonym : 

T. incarnata^ F. & H. 

Kyles of Bute {Crosskey) ; Gamrie. 

Elio; Errol; Greenock {Jeffreys). Markedly 
arctic. 

Kyles of Bute and Lochgilp {Frof. Geikie). 

Caithness, in boulder clay. From the Clyde 
beds to the coralline crag {Jeffreys^ 

Lucknow Pit, Ayrshire ; Clyde beus {Smith). 
Synonyms : Cythere exoleta,, Lam. ; Artemis 
exoleta, Forbes. 

Lucknow Pit, Ayrshire. 

Caithness, in boulder clay. Synonym : F? 
striatula, Donovan. 

Caithness, in boulder clay; Dalmuir; Kyles 
of Bute {Frof. Geikie) ; Clyde bods {Smith). 
Synonym : Artemis lincta, F. & H. 

Caithness, in boulder clay ; Tangy Glen, near 
Campbeltown. 

Errol. P the young of Leda aretica. 

Elie. This is identical with a species found by 
Dr. Tdrell at Spitzbergen, m 80 ® N. Laf. 
{Brown). 



550 


APPENDIX. 


Class: GkLsteropoda. 

Prosobranchiata. 


Gonus AforbhaIs. Da Costa. 

A. pes-pelicani. Linn. 

Genus Buccinum. Linncsus. 

B. ciliatum. Fahr. 

B. Grcnniandicum. CLem. 


B. undatum. Linn. 


B. undatum var carinatum. 
Turton. 

Glenns Cerithium. Adanson. 

C. retioulatum. Da Costa. 
Genus Oerithiopsis. Forbes 

^ Hanley. 

C. costulata. Muller. 

C. tuborcularis. Montg. 

Genus Ckiton. Linnatis. 

C. albus. Linn. 

0. cinerous. Linn. 

C. marmoreus. Fair. 


C. ruber. Ltnn. 

Genus Columbblla. ia- 
• march. 

C. HolboUii. Moller. 
Genus Oclobtrema. Mar- 

ryot. 

C ? costulatum. Moller. 

Genus Defrancia. Millet. 

D. Leufroyii. Michaud. 


Genus Dentalium. Linnccus. 
I), abyssorum. Sars. 

D. entails. Linn, 

D. tarontinum. Lamh. 


Caithness, in boulder clay ; Kilchattan Tile- 
work, Bute ; Gourock ; King-Edward. 

Bute {Forbes). 

West Tarbert ; Old Mains, Eenfrew ; Paisley ; 
Dalmuir; Errol. The shells recorded by 
Prof. Geikio from the Clyde beds as B. Hum- 
phreysianumy appear to be this species {Jef- 
freys).* According to Messrs. Crosskey and 
Robertson, this species was recorded in Dr. 
Thomson’s Dalmuir list as B. striatumy^ Sow. 
Synonym : B. cyaneuniy Beck. 

Dalmuir ; Cumbrao College ; Lochgilp ; Pais- 
ley ; Caithness, in boulder clay ; West Tar- 
bort ; Duntroon ; Gourock ; Old Mains, 
Renfrew ; Garvol I*ark New Dock ; Kil- 
chattan Tile-work, Bute ; Gamrie ; Corn- 
ton, near Bridge of Allan. Synonyms ; 
B. rulgarcy Da Costa ; B. porcatuniy Gmelin. 

Bute {ISmithy fide Jeffreys). This is a mon- 
strosity. 

Cumbrao College ; Lochgilp ; Duntroon. 


Wick. Synonym : C. niveay Jeffircys. 

Jeflroys records this as fossil from the Clyde 
hQdkyfde Smith. 

Fort William {Jeffreys). 

Lochgilp ; Garvel Park Now Dock, Greenock ; 

Caithness, in boulder clay ; Fort William. 
Dalmuir ; Lochgilp ; Old Mains, Renfrew ; 
Garvel Park New Dock, Greenock ; Fort 
William {Jeffreys). 

Dalmuir ; Lochgilp ; Garvol Park New Dock 
Greenock; Fort William {Jeffreys). 


Fort William {Jeffreys). 


Paisley {CrossJeey ) ; Fort William {Jeffrey^. 
Synonym : Margarita ? costulatuy Muller. 

Wick, in boulder clay. Synonyms: Fleuro- 
toma Leufroyi, Mich.; Mangelia Leufroyiy 


Caithness, in boulder clay. 

Wick, in boulder clay; Bclhelvie; King-Ed- 
ward; Gamrie. 

Gamrie. Smith makes D. tarentinum and D. 
dentaUy Linn., synonymous; it is therefore 

+ Trans, Gtol. Soc. Glasgow, vol. ii. p. 273. 


Lnt. Conchologij, vol. iv. p. 294. 
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doubtful which of the two has been found at 
this locality. 

Genus Fissurblla. Bru- 
guere. 

F. Gra)ca. Linn. Clyde beds {Forbes). Synonym : F. reticulata^ 

F. &H. 

Genus Fusus. Bruguere. 

F. antiquus. Linn. Cumbrae College ; West Tarbert ; Lochgilp ; 

Paisley (7V^. Oeikie) ; Garvel Park iJew 
Dock, Greenock ; Gourock ; Kilchattan Tile- 
work, Bute ; Croftamie, Dumbartonshire, in 
blue clay ; Caithness, in boulder clay. 

F. curtus. Smith. Stevenston {Landsborough).* Probably a very 

doubtful species. 

F. despoctus. Linn. Dalmuir {Forbes) ; Kippet Hills, Loch of 

Slains, Abordoen^ire (Jamieson). Synonyms : 
Murex carinatus, Pen. ; Fusas earinatus^ 
Lamk. ; F. tornatus, Gould; F. earinatus^ 
Smith. 

F. gracilis. La Costa. Dalmup. 

F. propinquus. Alder. Lochgilp {Frof. Oeikie) ; Gamrie ; Kin g- 

Edward. 

Genus Helcion. Le Mont- 
fort. 

n. pellucidum. Linn. Dalmuir ; Lochgilp ; Ayr. Synonym : Fatella 
pelUmda, Lin. 

n. pellucidum var lajvis. 

Fennant. Dalmuir; Banffshire (Forbes). 

Genus Homaloovra. Jef- 
freys. 

H. atomus. Fhil. Dalmuir ; Cumbrae College ; Lockgilp ; West 

Tarbert ; Duntroon ; Garvel Park New 
Dock, Gre(3nock ; Old Mains, Renfrew ; 
Paisley ; Kilchattan Tile- work, Bute ; Fort 
William. Synonym : Skenea nitidissimay F. 
&H. 

Genus Hydrobia. Hart- 
mann. 

H. ulvfiB. Fennant. Paisley ; Dalmuir. Jeffreys says that the males 

of this species are probably the Fissoa subum- 
bilicatay Montg., which under this name is 
recorded by Smith from Dalmuir. 

Genus Lacuna. Turton. 

L. divaricata. Fabr. Dalmuir ; Cumbrae College ; Lcchgilp ; West 
Tarbert; Duntroon; Old Mains, Renfrew; 
Paisley ; Garvel Park New Dock, Greenock ; 
Kilchattan Tile- work, Bute ; Caithness ; 
Giamrie ; King - Edward ; Fort William. 
Synonym : L. vinetUy F. & H. 

L. divaricata var quadri- Dalmuir. Synonym : Turbo quadrifaseiatusy 
fasciata. Montf. Montf. 

L. pallidula. La Costa. Dalmuir ; Lochgilp. Synonyms : Turbo palli- 

dulusy Turton ; Nerita paUidula, Da Costa. 

L. pallidula var neritoidea. 

Could. Dalmuir; Fort William. 

L. puteola. Turton. Dalmuir ; Cumbrae College ; Paisley ; Garvel 

Park New Dock, Greenock ; Fort William. 
Synonym : Turbo puteolusy Turton. 

Hmith, li^Mrchca, p. 49. 
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Genus Litobina. Ferussae. 
L. limita. Loven, 


L. litorea. Lmn. 


[L. neritoides. Linn.'] 


L. obtusata. Linn. 


Dalmuir; Cumbrae College; Lochgilp ; Pais- 
ley; East and West Tarbert; Garvel Park 
New Dock. Synonyms : L. paUiata^ Say ; 
L. aretica^ Muller ; Turbo expanaus^ Brown. 
Dalmuir ; Cumbrne College ; East and West 
Tarbert ; Paisley ; Crinan ; Old Mains, 
Renfrew ; Kilcbattan Tile-works, Bute ; 
Caithness ; Comton, near Bridge of Allan ; 
Croftamie, Dumbartonshire, in blue clay ; 
Windmillcroft ; Lochgilp ; Lucknow Pit. 
Recorded by Prof. Geikie from certain of the 
Clyde beds. Some doubt regarding the 
correctness of this is expressed by Jeffreys.* 
Dalmuir ; Cumbrae College ; Lochgilp ; East 
and West Tarbert ; Duntroon ; Paisley ; 
Old Mains, Renfrew; Garvbl Park New 
Dock, Greenock ; Kilchattan Tile- work, 
Butf‘ ; Caithness, in boulder clay ; Lucknow 
Pit, Ayrshire. Synonym: L.littoraliHyF.&H. 


L. obtusata var neriti- 
formo. Brown. 

L. rudis. Maton. 


L. rudis var patula. Jep 
freys. 

L. rudis var scxatilis. 
Johnston. 

L. squalida. B. % 8. 


Genus Margakita. Leach. 
M. cinerea. Couthouy. 

M. olivacea. Brown. 
Genus Mbnestho. Muller. 

M. albula. Fahr. 

Genus Molleria. Jeffreys. 

M. costulata. Muller. 
Genus Murex. Lmnccus. 

M. crinaceus. Linn. 
G^nus Nassa. Lamarck. 

N. incrassata. 8trom. 


N. reticulata. Linn. 
G«nuB Natica. Adanson. 
N. affinis. Gmelin. 


East Tarbert. 

Dalmuir ; Lochgilp ; Paisley ; Garvel Park 
Now Dock, Greenock ; fclchattan Tile- 
work, Bute ; Comton, near Bridge of Allan ; 
Rothesay. 

Dalmuir; Bute {SniUh). 

Garvel Park New Dock, Greenock. 

Port William ; Ellishill ; Invemettie ; Railway 
cutting between Drymen and Gartness, Stir- 
lingshnro, in gravel with other arctic shells 
(/ aimcbon ) ; Paisley. 

Bute {Prof. G(lkie); Rothesay {Smith). 

Clyde bods {Jeffreys). 

Paisley. 

Old Mains, Renfrew ; Paisley ; Fort William. 
Dalmuir {Smith). 

Caithness, in boulder clay; King-Edward; 
Kyles of Bute {Prof. Geikie) ; Dalmuir 
{Smith) ; Lochgilp. Synonym : N. macula^ 
Montg. 

Duntroon. 

Dalmuir ; Cumbrae College ; Lochgilp ; West 
Tarbert ; Duntroon ; Old Mains, Renfrew ; 
Paisley ; Garvel Park New Dock, Greenock ; 
Caithness, in boulder clay ; Kilchattan Tile- 
work, Bute; Gamrie {Chambers); Gourock ; 
King-Edward ; Rothesay. Synonym : AT. 
clausa, B. & S. 

Caithness, in boulder clay ; King-Edward. 


• Brit . Conchology , Tol iii. p. 362. 


N. Alderi. Forbes. 
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N. catena. Ba Costa. 

[N. fragilis. Smith.'] 
[N. glaucinoides. 


N. Grcenlandica. Beck. 


N. Islandica. Onu:Un. 


N Montacuti. Fm'bes. 
N. Smithii. Brown. 


N. sordida. Bhi/. 

Genus Odostomia. Fleming. 

O. acicula, Fhil. 

O. albella. Lovhi. 

O. conoidca. Brocihi. 

O. ]}allida. Montg. 

O. Lukisi. Jeffreys, 

O. spiralis. Montg. 

O. turrita. llanley. 

O. unidentata. Montg. 

Genus Patella. Lister. 

P. vulgata. Linn. 

Genus Pleurotoma. La- 
marck. 

P. nebula. Montg. 

P. pyramidalis. Strom. 


Synonyms : X. intermedia et Marochiensis^ 
Philippi ; N. nitida, F. & H. 

Paisley ; Bute ; Gourock. This species is 
mentioned in Dr. Thomson’s Dalmuir list as 
N. glaucinoides^ Sow.* Synonyms : N. moni- 
lij'eray F. & II. ; N. glauenia. 

Dalmuir. Considered by E. Forbes to a 
much decayed N. monilifera. 

Recorded from King-Edward by Smith in 
Jamieson’s list d!f Aberdeenshire glacial 
shells, t and Jilso by Landsborough from 
8tevenston.;J; It is a crag-fossil. Forbes 
also regarded this fossil as identical with 
N. monilifera. 

Elie and Errol ; Old Mains, K('nfrow ; Garvol 
Park New Dock, Greenock ; Kilchatbm 
Tile- work, Bute ; Kilmaiirs {J. Young). 
Synonym : N. F, k. II. 

Buie; Caithness, in boulder clay; Gamrie; King- 
Edward. Synonyms : N. In hcoides^ F. & H. ; 
N. pallida^ B. & S. J(‘flreys remarks that 
it is difficult to diitoimine whether N. pallida, 
B. & S., is a synonym of N. Grccnlamdica or 
N. Islandica. \ Under the designation of N. 
palhda a species is recorded from Dal- 
muir ; Paisley ; Elie and Errol ; Gamrie ; 
King-Edward ; Kilchathin Tile- work {Jamie- 
son) ; Ciiithnoss. 

Bute (Smith) ; Clyde beds (Smith). Synonym : 
Nahca Montaguiy Forbes. 

Ardincaplt), near Ileb'iiHburgh (Smith), 83^0- 
n}nis: Balbus Smithii, Brown; also pro- 
bably N. Jiava, Gouid ; N. aperta, Loven. 

Caithuoss, in bouldfT clay (Peach). 

Caithness, in boulder clay. 

Do. do. 

Lochgilp. 

Do. 

Garvel Park New Dock, Greenock. 

Lochgilp ; Dalmuir. 

LochgiIi>. 

Lochgilp ; Garvol Park Now Dock ; Kilchattan 
Tile-work, Bute. 

Paisley ; Caithness, in boulder clay ; Fort 
WiUiam (Jeffreys) ; Lucknow Pit, Ayrshire. 


Caithness (Jamieson). Synonym : Mangelia 
nebula, F. & H. ; P. ginnaniana, Phil. 

Caithness ; Gamrie ; King-Edward ; Fort Wil- 
liam (Jeffreys ) ; Kilchattan Tile- work, Bute ; 
Dalmuir; Cumbrae College; Lochjgilp; West 
Tarbert ; Crinan ; Duntroon ; Paisley. Sy- 
nonyms : Befrancia Vahlit, Beck ; Mangelia 
pyramidalis, Strom. 


* CroBskey and Robertson, Trans, deot. 80 c, Glnsgow, vol. n. p. 273. ' 

+ Rtstarchfs, p. 67, X Pro. Geol, Sor., vol. ui. p. 444. 9 Jirtt. Con., vol. iv p. 21P. 
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[P. rufe. Mmiig.'] 


Trcvclyana. Turton, 


P. turricula. Monfg. 


P.'violacea. Migh ^ Ad. 


Genus Punctuiiella. li. T. 
Lowe. 

P. Noachina. Linn. 


Genus PuiirunA. Bruguitre, 
P. lapillus. Lmn. 


Genus Rissoa. FrMnvillc. 
K. cancellata. Da Costa. 
K. costata. Adams. 

R. inconspicua. Alder. 

R. inconspicua var von- 
trosa. Montg. 

R. membranacea. Adams. 
R. parva. Da Costa. 


R, parva var interrupta. 
Adams. 


R. proxima. Alder. 

R. reticulata. Adams. 
R. BolUta. Phil. 

R. striata. Adams. 


R. striata var arctica. 
Loven. 


Recorded from Kyles of Bute {Prof. Geikie) ; 
King-Edward and Gamrie {Jamieson^ Jef- 
freys has only recognised this species as a 
glacial shell from the Belfast deposit,* those 
from the localities just quoted probably being 
the preceding form, P. pyramidalis. 

Wick (Peach) ] West Tarbert; King-Edward 
and Gamrie (Jamieson) ; E^chattan Tile- 
work, Bute ; Hebrides (Jeffreys), Syno- 
nyms : Mangelia Trcvelyana^ F. & H. ; Fmus 
decuhsatust Couthouy. 

Cumbrae College ; West Tarbert ; Duntroon ; 
Paisley ; Dalmuir (Smith)] Garvel Park 
New Dock, Greenock; Lochgilp ; Oban 
(Prof. Oeikie) ; Kilchattan Tile- work, Bute ; 
Caithness ; Gamrie ; King-Edward. Syno- 
nyms : Mangelia turricula, P. Ac H. ; Fusus 
dihcrepans., Brown. 

Dalmuir ; Cumbrae College ; Lochgilp ; Old 
Mains, Renfrew; Garvel Park Now Dock, 
Greenock ; Kilchattan Tile-work, Bute. 


Dalmuir ; Lochgilp ; Cumbrae College ; Old 
Mains, Renfrew; Garvel Park New Dock, 
Greenock ; Fort William. Synonym : Cre^ 
mona Flemingtana, Lea(‘h. 

Dalmuir; Cumbrae College; East and West 
Tarbert; Crinan; Paisley; Kilchattan Tile- 
work, Bute ; Loch Long (Prof. Geikie ) ; 
Caithness ; Lochgilp ; Lucknow Pit, Ayr- 
shire. 

Lochgilp. SynonjTu : B. ch'enulata^ F. & H. 

Largs (Landshorough). 

Crinan. 

Dalmuir (Smith). 

Bute (Smith). Synonym : R. lahiosa, F. & H. 

West Tarbert; Duntroon; Paisley (Jamieson)] 
Garvel Park Now Dock, Greenock ; Fort 
William. 

Dalmuir; Caithness; Cumbrae College; Loch- 
gilp; West Tarbert; Duntroon; Old Mains, 
Renfrew ; Paisley ; Garvel Park New Dock, 
Greenock ; Kilchattan Tile- work, Bute. 
Synonym : Turbo interruptus, Adams. 

Lochgilp. Synonym : R. striatula, Jeffreys. 

Lochgilp. 

Paisley, ^nonym : R. glohosa, Martin. 

Dalmuir ; Cumbrae CoUege ; Lochgilp ; West 
Tarbert ; Duntroon ; Old Mains ; Garvel 
Park New Dock ; Greenock ; Kilchattan 
Tilo-work, Bute. Synonym: Turbo semi^ 
costaius, Montg. 

Garvel Park New Dock, Greenock. 

* hoc. cit., p lf>4 
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R. striata var saxitilis. 
MoUen'. 

R. violacea. BeamareU. 
Genus Scalaria. Lamarck. 

S. Grcjenlandica. Chetu. 
Genus Skenea. Fleming. 

S. planorbis. Fahr. 


Genus Tectura, Ciwier. 
T. virginea. Muller^ 


Genus TmcHOTaons. Bro- 
dcrip ^ Sowerhy. 

T. borealis. Brod. ^ Sow. 

Genus Trochus. Eondeletim. 
T. cinerarius. Linn. 


T. cinerus. Coutimiy. 

T. Groenlandicus. Chon. 


T. helicinus. Fahr. 


[T. lineatus. Ba Coata.'] 

T. magus. Linn. 

T. millegranus. Phil. 

T. tumidus. Montg. 


T. Vahlii. Holler. 

T. Zizyphinus. Linn. 
Genus Trophon. Be Mont^ 
fort. 

T. clathratus. Linn. 


T. clathrAtus var Gunnori. 
Loven. 


Paisley. 

Lochgilp. 

Fairlie ; King-Edward (Jamieson). 

Dalmuir; Windmillcroft ; Cumbrao College, 
Lochgilp; West Taibert; Duntroon ; Old 
Mains, Renfrew ; Paisley ; Kilchattan Tile- 
work, Bute ; Garvel Park New Doek. 

Dalmuir ; Cumbrae College ; Lochgilp ; Old 
Mama, Renfrew ; Paisley ; Garvol Pai’k 
Now Dock, Greenock; Kilchattan Tile- work, 
Bute ; Gamrie. Synonyms : Acmwa vir- 
gitwa, F. & II. ; Lottia virginca, Alder ; 
Patella virginca^ Muller. 


Garvel Park Now Dock, Greenock ; Bute 
(SmitlC). 

Stevenston (^Landsborough) ; Garvol Park New 
Dock; Kilchattan Tile- work, Bute; Loch- 
gilp (Prof. Geikif) ; Lucknow Pit, Ayrshire. 
Clyde beds (Jeffreys). Synonym : Margarita 
striata, B. & S, 

Dalmuir ; Cumbrae College ; Lochgilp ; East 
Tarbert ; Old Mains, lionfrew ; Paisley ; 
Garvel Park New Dock, Greenock ; Caith- 
ness ; Fort William ; Rothesay ; Errol. Sy- 
nonyms : Margarita undulata, G. B, Sow ; 
Turoo incarnatus, Couthouy ; Trochus injlatus. 
Brown. 

Dalmuir ; Cumbrae College ; East Tarbert ; 
Paisley ; Garvel Park New Dock, Greenock ; 
Oban ; Fort William. 

Paisley (Smith). Jeffreys doubts the correctness 
of this determination.* 

Clyde bods (Smith) ; Lucknow Pit, Ayrshire. 
Fort William (Jeffreys). 

Dalmuir ; Lochgilp ; Old Mains, Renfrew ; 
Garvol Park Now Dock, Greenock; Kil- 
chattan Tile-work, Bute ; Fort William. 
Paisley; Caithness. Synonym: MargarxtaVahlii. 
Caithness, in boulder clay. 


Dalmuir ; Lochgilp : West Tarbert ; Dun- 
troon ; Old Mains, Renfrew ; Paisley ; Gar- 
vel Park New Dock ; Kilchattan Tile-work, 
Bute ; Caithness ; Gh^ie ; Belhelvio ; King- 
Edward ; Rothesay. Synonyms : Fusus im^ 
hricatus, Smith ; Fusm scalariformis, Gould ; 
F. Permianus, Sow. 

Dalmuir ; Duntroon ; Old Mains, Renfrew ; 
Paisley ; Garvel Park New Dock, Greenock ; 
Gamrie; King-Edward. 


Brit Con ., vol in. p 31S). 
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T. tnincatus. Strom. 


Genus Tuiiritella. Latnk. 
T. erosa. Couthouy. 

T. reticulata. Ad. 

T. terebra. Linn. 


Genus Velutina. Fleming. 
V. lapvigata. Fennant. 

V. undata. Smith. 


Dalmuir; Cumbrae College; Lochgilp; West 
Tarbert ; Duntroon ; Garvel Park New Dock ; 
Old Maine, Konfrew ; Paisley ; Kilchattan 
Tile-work, Bute ; Caithness ; Gamrie ; King- 
Edward. Synonym: Murex Bamffius^ Do- 
novan. 

Elie. Synonym : T. polarise Beck. A mark- 
edly arctic form. 

King-Edward {Jamieson). Synonyms : Mesalia 
retieulatay Migh. and Ad. ; T, lactca^ Moller. 

Caithness, in boulder clay; Gourock {Frof, 
Oeikic) ; King-Edward and Auchleuchries 
{JamLChoti). Synonym : T. communis, F. &H. 

Dalmuir; Crinan; Garvel Park New Dock, 
Greenock ; Kilchattan Tile-work, Bute. 

Old Mains, Renfrew ; Dalmuir ; Garvel Park 
New Dock, Greenock; Paisley (Jamieson). 
Synonym* V. zonata, Gould. 


Opisthohranchiata. 


Genus Acta?on. Fe Mont- 
fort. 

A. tornatilis. Linn. 

Genus Cvlichna. Loven. 

C. alba. Brown. 


C. cylindracca. Fennant. 

C. obstricta. Gould. 
Genus Scaphandek. Ih 
Montfort. 

S. lignarius. Linn. 
Genus Tounatella. Lamk. 

[T. pyramidata.] 

Genus Dtriculus. Brown. 
U. hyalinus. Turton. 


U. mammillatus. Fhil. 
D. obtusus. Montg. 


U. truncatulus. Brug. 


Caithness, in boulder clay ; Lochgilp. Syno- 
nym : TornaUlla fasctala, F. Ac H. 

Dalmuir ; Lochgilp ; Duntroon ; Paisley ; 
Garvel Park New Dock, Greenock ; Anno- 
ebie ; Gamrie. Synonym : Volvaria alba, 
lirown. 

Lochgilp ; Paisley ; ? Bute ; ? St. Fergus. 

Synonym : Bnlla cylinUracea, Pen. 

Dalmuir; Lochgilp. 


Greenock (Robertson, fide Jeffreys). 

Aberdeenshire (Sinith, fide Jamieson). 

Dalmuir ; Cumbrae College ; Duntroon ; Pais- 
ley; Garvel Park Now Dock; Kilchattan 
Tile- work, Bute. Synonym : Bulla hyalina, 
Turton. 

Dalmuir. Synonym : Cylwhna mammillata, 
F. Ac H. 

Cumbrae College ; Lochgilp ; West Tarbert ; 
Duntroon; Paisley; Garvel Park New Dock, 
Greenock ; Kilchattan Tile- work, Bute ; 
P St. Fergus. Synonym : Cyhehna obtusa, 
F. & H. 

Duntroon. S3rnonym : Cylichna trmeatula, F. 


Note. — In a paper on the “Paleontology of the Post-glacial Drifts of 
Ireland” (Qeol. Mag., vol. x., 1873, p. 447), Mr. A. Boll mentions having 
obtained the fry of living Mediterranean forms from glacial clay got near 
Greenock, viz., Conus Mediten aneus and Cardita trapeze. 
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VEBTEBBATA. 

Class: Pisces. 

Fish 1501168 have been found in tho brick-clay of Invemettie, near Aber- 
deen,* and in the boulder clay of Caithness, f Fish vertebra* are recorded 
by Messrs. Crosskey and Robertson from tho following localities : —Paisley ; 
Klchattan Tile-work, Bute ; Garvel Park New Dock, Greenock ; l &c. 
From the last-named locality Otolife& have also been obtained. 

Class: Aves. 

The skeleton of a bird is recorded by .Tamieson from brick-clay on tho 
side of tho river Deo near Aberdeen, § and bones from the Paisley deposit by 
Messrs. Crosskey and Robertson. In the Appendix to his paper “ On the 
Glacial Drift of Scotland,” H Prof. Geikie montions the fact that the furculum 
of a gull was found in brick-clay at the Bridge of Johnston, near Paisley. 
Smith describes this as the “ fourchette of a diver” {ltcsearchei>, -p, 14), and 
adds that the bed was 54 feet above soa-levol. 


Class: Mammalia. 


Section: PLACENTA LTA. 


Genus Bos. Lnincpus. 
B. primigenius. Bo). 


Genus Cervus. Lbuums. 
C. alecs. Linn. 


V C. dama. Linn. 

? C. elaphuB. Linn. 
C. tarandus. Linn. 


VngnUita. 

I 

In clay forming the bed of tho Clyde opposite 
Jordanhill (aSVo;//^;-) , H in clay in Rothesay 
Bay {Prof. Guku); in the int(>r-g]acial beds 
of Cowden Glon, Renfrewshire.** 

Recorded by tho late Mr. Smith, of Jordan- 
liill, from tho m.'irl Ix'ds of Pciihshire ; the 
exact locality, accoiding to Dr. J. A. Smith, 
is Airleywdght, in marl underlying moss. 
Dr. Smith likewise records numerous other 
instances ot the occurrence of this species in 
tho }) 08 t-tortiaiy beds of Scotland, the most 
important of wliich are — a marl pit in For- 
farshire ; in clay and gnivol at Strath 
Ualladalc, Sutheilandshire ; in a peat-moss 
on the edge of Williestruther Loch, valley of 
tho river Slitrig, Roxburghshire, with the 
skull of Bos longifrous ; in a peat-bog at 
Oakwood, near Selkirk. Synonym: Aloes 
malchiSf Gray. (J. A. Smith, Pro. Soe. Ant. 
kScotland, 1871.) 

Recorded by Smith from Kilmaurs, in boulder 
clay. 

Do. do. do. 

Bed of the Clyde opposite Jordanhill {Scouler); 
Croftamie, Dumbartonshire, with shells m 
blue clay, about 18 feet from the surface. 


* Jamieson, Quart, Journ , vol. xiv. p. 618 
t Peach, Pro. Boy. Phys. Soe. Ed.^ vol. in. p. 403, 

t Trans. Oeol. Soe. OlaagoWf vols. iii. and iv. ^ rit. p. 610. 

II Trans. Geol. Soe. Glasgow, vol. i. 11 Ed, New Phtl. Journ., vol. lii. p. 136. 

•• J. Geikie, GeoL Mag., vol. v. p. 893. 
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Genus Eqxtvs. Linnfowt. 
E. caballus. Linn, 

Genus Meoacerob. Owen, 
M. Hibernicus. Owen, 


At Cowdon Glen, with the remains of Bos 
primigentm.* 

Inter-glacial beds at Cowdon Glen, Ilenfrew- 
ahire.f Synonym : Cervus Megaceros^ Hart. 
(The remains of this extinct elk were found 
in the shell marl of an old silted-up loch in 
the parish of Maybole, Ayrshire,}; with those 
of Cei'vns clap Inis and Bos primigenius ; with 
the antlers of Cervus capreolm, in a deposit of 
gravel, earth, and large boulders, probably a 
river accumulation, at Coldingham, Berwick- 
shire.} It seems most likely, however, that 
in the lattor instance the remains were those 
of the true elk, Cervus alces,[\) 


Genus Elephab. Linvueus, 
E. primigenius. Blum, 


Prohoscoklea, 

At Chapelhall, near Airdrie, the bone of an 
elephant was found at a height of 350 feet 
a>)ove the sea in laminated sand underlying 
till ; Gr(‘cnhill Quarry, Kilmaurs, in a peaty 
deposit underlying sand, in which wore 
glacial shells, and overlaid by about 40 or 
50 fe(*t of till ; a tusk was discovered during 
the excavation of the line of the Union Canal 
between Edinburgh and Falkirk; remains 
found at Clift onhall 15 to 20 feet irom the 
surface, in boulder clay ; Bishopbriggs, near 
Glasgow. 


Genus PagOmys. 

P. foetidus. Crag, 


Caiidvora, 

Eemains of seals have been found in red clay 
at Westfield of Auchmacoy, near Aberdeen 
{Jamieson) in laminated clay at Montrose ; 
in brick-elay at Springfield, near Stratheden, 
Fife,** 150 feet above sea level, and about 
16 feet from surface ; a pelvis of a seal was 
obtained from brick-clay at Tyrie, 30 feet 
above high-water mark ; and at a depth of 
about 19 feet ; ft at Portobello the romams of 
a seal were likewist' found in brick-clay, 20 
feet above high-water mark, at a depth of 
15 feet from the surface. At Camelon, in a 
bed of clay 90 feet above the level of the 
Frith of Forth ; portions of a skeleton were 
found in a brick deposit at Errol ; lastly, in 
sinking a pit on Towncroft Farm, Grange- 
mouth, seal bones were found in a red clay, 
80 feet from the surface, and about 68 feet 
below sea level. The majority of the remains 
mentioned in this list have been examined by 


* R. Craig, Trans. Geol. Soc. Glasg., vol. iv. p. 18. + Loc. cU, 

t New Statistical Acc. Scot., 1846, vol. v. p. 863. 

\ J. Hardy, Trans. Berwicksh. Nat. Hist. Soc., vol. i. p. 247. 

II Dr. J. A. Smith, Proe. Soc. Ant. Scot., 1871, p. 326. 

IT Quart, Journ. Geol. Soc., vol. xiv. p. 614. Page, Geologist, vol i. p. 638. 

++ Allman, Ed. New Phil. Journ., 1858, vol. viii. p. 147. Ijoc. cit , 1869, vol. x. 
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Prof. Turner, who pronounced them to be- 
long to the small arctic seal {PagomyH foatidns^ 
Gray), and not, as has usually been stated, to 
FJma mtxdina^ Linn. (Turner, Tro. Roy. 
Soc. Ed., 1869-70, pp. 106-114.) 

Note. — The remains of Bos loagifrom and Bos primigenius were obtained in 
an old rivor-gravel in Glasgow ; the first in Rutherglon Loan, the latter in 
Greendyke Street. (J. Bennie, Trans. Oeol. Soc. Glasgow, vol. ii. p. 162.) 

EXPLANATORY NOTES REGARDING CERTAIN OF THE 
LOCALITIES MENTIONED IN THE FOREGOING LIST. 

Windmillcroft. — When compared with glacial deposits of other localities 
in the Clyde district the clay at Windmillcroft is peculiar from the very 
scanty proportion of animal remains found in it, no doubt arising from the 
fact, that the conditions of deposition were less favourable than those of some 
other localities.* 

Balmuir. — On the banks of the Dalmuir bum, about eight and half miles 
from Glasgow. This locality was extensively explored and described by Dr. 
T. Thomson, Mr. James Smith, and again by Messrs. Crosskey and Robert- 
son. From the examination of the latter investigators, it appears there are 
two shell beds, an upper clay bod containing the mass of the shells, and a 
lower more sandy deposit, in which the shells are found in the best state of 
preservation, and of larger size. The sandy bed is underlaid by stiff blue 
boulder clay without shells, and the whole capped by water- worn gravel. f 
Cumhrae College. — A shell-bearing sand bed near the College, Isle of Cum- 
brae, described by Messrs. Crosskey and Robertson, who consider that it 
appertains to the older Glacial deposits of the West of Scotland. It is pecu- 
liarly remarkable for the very large proportion of sand which enters into its 
composition.}; 

Lochgilp. — Near the bridge crossing the Crinan Road to Lochgilphead. 
At this locality the boulder clay is immediately overlaid by the shell clay, 
the usual laminated clay of the Clyde bods being absent. There is no tran- 
sition from one to the other, the lino of demarcation between the boulder 
clay and shell clay being sharp and distinct. The former does not contain 
any organic remains. The shell bod in addition to its fauna, which is very 
abundant, contains a few boulders, less striated, and smaller in size than 
those in the underlying boulder clay, and often with Ser pules attached. 
At one part of the deposit Mga iruncata, and its variety M. XTddevalensis occur 
in their natural position, with the valves united. § 

Lnehnow Bit. — Ardeer Ironworks Ayrshire. There is evidence to show 
that here there was either a shell bod containing an admixture of true arctic 
and temperate shells, or else two beds, one with purely arctic forms, tho other 
with temperate. Messrs. Crosskey and Robertson point out that a commin- 
gling of arctic and temperate forms occurs in several Norwegian post-tertiary 
beds. This was the first locality in the west of Scotland at which Leda arctica 
was found. II 

* Rov. C. H. Crowskey, Tram. Geol. Soe. Glasgow, vol. ii. p. 116. 

•t Crosskey and Robertson, Tram. Otol. Soc. Glnsgotr, vol. ii. p. 2R7. 
i Pad., vol. iii. p. 113. 5 Ibul., p. 118. 11 Ibtd., p. 127. 
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East Tarbcrt, — A bed of clay containing arctic shells in the Black burn, at 
the north-east comer of Tarbert Loch. The mollusoa are few in number 
both specifically and numerically. From the water-worn condition of many 
of the remains, it would appear that this deposit contains a large percentage 
of transported organisms. Troe/ms helicinus is very characteristic.* 

West Tarbert. — A shell-clay on the south side of Tarbert Loch, near its 
head. Many of the shells in this bed, such as Buccinum undatum^ and 
Pecten Islandicus attain a considerable size.f 

Grinan. — A thin shell-bearing stratum occurs on a small plateau on a 
promontory at the north side of No. 11 Lock, on the Crinan Canal. The 
shells are scarce and very fragmentary 4 
Buntroon. — A stiff brown clay exposed at high-water mark a little to 
the south of Duntroon Castle. Amongst an abundant fauna, Plmrotoma 
pyramidalis is very characteristic.} 

Old Maim. — A shell bed exposed in a tramway cutting, between the 
Houston Pit, No. 5, and old Mains Farm, Renfrew. The deposit consists of 
brown sand and earth with a largo number of stones covered with Balani.'^ 
Paisley. — ^Throughout the Paisley beds, the organic remains arc chiefly 
confined to the lower half of the deposit, but they may occur in any part of 
the section from the boulder clay to the summit. Messrs. Crosskey and 
Robertson remark that hitherto the boulder clay of the Paisley district has 
not yielded any vestiges of life, but occasionally beds containing arctic shells 
have been found beneath the boulder clay. The same writers observe ‘‘that 
the laminated clay, which has boon regarded as the unfossiliforous base of 
the shell clay, is not unfossiliferous, but contains Foraminifera,” such as 
Polystomclla siriaio~imnctaia^ &:c.1l 

Garrel Park Kew Greenock. — The fossiliferous clay here lies in a 

trough iu boulder clay, and besides the xisiial sholls of arctic typo, charac- 
teristic of the Clyde bods, contains one or two additional forms of mollusca, 
not hitherto plentifully found in similar beds of the neighbourhood. Much 
speculation has been caused by the very confused aj)pearanco presented by 
this deposit generally. Unfavourable opinions as to its genuineness have 
been advanced, but Messrs. Crosskoy and Robertson have arrived at the 
conclusion that the conditions of the deposit, both as regards the matrix and 
organic contents, are perfectly reconcileablo with established facts.** 

Kxlcliattan Tile-work, Bute. — A deposit of muddy sand containing shells is 
here superimposed on the usual laminated clay resting on reddish boulder 
clay, at the north-west side of Kilchattan Bay. The characteristic shells are 
Tellina calearea, Annus flexiiosus, Scrobicularia prismaticay Cyprina Islandica, 
Mya truncata, and Utrieulus ohtnsus. In the interior of many of the My a valves, 
thick patches of the muddy sand have become so firmly indurated, as to be 
scarcely removable. These patches appear to consist of a strong calcareous 
base. This deposit has been well described by both Mr. Jamieson, and 
Professor Geikie.ff 

Tangy Glen. — ^About six miles from Campbeltown, on the Taibert road. 
At this locality may be seen the rarer phenomenoii of the fossiliferous clay 
overlaid by boulder clay of a dark reddish brown. Organic remains are rare, 
especially the Mollusca. Both the latter and the Ostracoda more nearly 

* Trans. Osol. 8oc. Glasgow, vol. iii. p. 321. t Ihid., p. 824. t Udd., p. 327. 

i Ibid., p, 328. |l Ifnd., p. 331. IT Ibid., pp. 334-341. 

Ibid., vol. iv. pp 82-46. M Ibid., pp. 128-133. 
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resemble those found in the fossiliferous beds of the east than of the west of 
Scotland, the former of which are generally considered to be much more 
arctic in character. The prevailing shell is Leda pygma^a. Two other forms 
rare in Scotch glacial beds are met with here, Fee ten GrtBlandiem and Mon- 
tacuta elevata.* 

CaithncRu. — The boulder clay of Caithness rises in many places to a height 
of two hundred feet above the sea-level, and varies in thickness from sixty 
to eighty feet. It is a tough and compact mass, with numerous striated and 
polished boulders, and resembles in general appearance the till which con- 
tains no shells. The fragmentary remains of molliisca are scattered without 
order through the general mass, many of them striated, some few with 
portions of the epidermis still remaining and hardly any in a good state of 
preservation, certainly in th(' case of bivalves, never with the valves united. 
Here and there nests and pockets of sand are mot with.f 

Montrose. — In a dull red to greenish grey laminated clay, forty foot above 
the soa-lovol, occupying the estuary valley of the South Esk, arctic shells, 
many pieces of chalk, and the bones of the seal have been found. J 

Coivden Glen. — ^In a section on the Crofthead and Kilmarnock Railway, in 
Cowdon G-lon, Neilston, Renfrewshire, are exposed a series of clay, sand, 
gravel and poatj'' beds, in hollows between two beds of till. From these 
beds, evidently of lacustrine origin, have been obtained numerous genera 
and species of Fiafomacem, Besmidea:, Entomostraca^ mosses, and the remains 
of many plants. In addition to the foregoing, a portion of the skull of Bos 
prim i genius, bones of tlic great Irish elk and the horse have also boon ob- 
tained from these beds. 

Kilmaurs.- -Sandstone quarry of Woodhill, near Kilmaurs. At various 
times during the past half century, the remains of the mammoth and reindeer 
have been found in a peaty layer between two thin beds of sand and gravel, 
overlaid by till or boulder clay, and resting directly on the sandstone 
rock of the quarry. From their position, it has boon contended by some 
writers, that these rcniains arc of prc-glacial origin, but an extended 
examination of the neighbourhood does not bear out this view. It appears 
that the bed of sand and gravel in which the remains were found, is only 
one of numerous similar intercalated deposits. The bod rook rises up 
here and thero into prominences giving it a very irregular surface, and it was 
probably against one of these that the remains were washed, a lower boulder 
clay or till appearing in the deeper irregularities of the rocky bed.§ 

Chapelhall. — Near Airdrie. In a laminated sand underlying till, a bone of 
the mammoth was found about three hundred and fifty feet above the sea- 
level. Professor Goikie remarks that the ground has boon so altered in 
mining operations, that it is impossible to fix the exact condition under 
which this bone was found. || TclHna calcar ea was found at this locality in 
brick-clay between two beds of till, at a height of 610 feet above sea-lovel. 
(Smith, liescarcliesy p, 141.) 

Stevenston. — The shells recorded from this locality were obtained from a 
bed of blue clay nine feet thick, underlying thirty to forty feet of sand. 11 

■* Trans. Geol. Soc. Glasgmo, vol. iv. pp. 184-187. 

+ C. W. Peach, Pro. Roy. Phys. Soc. Ed.^ vol. iiL pp. 38, 896. 

t J. C. nowden, Trans. Geol. Soc. Ed., vol. i. p. 141. 

\ Geikie, Mema. Geol. Survey, Expl. 22, Scotland. 

II Glacial Drift of Scotland. Trans Geol. Soc. Glasgow, yo\. 

^ Landsborough, Pro. Geol. Soc., vol. iii. p. 444. 

0 0 
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Cornton. — Near Bridge of Allan. A clay was discovered in a burn behind 
Christie’s Brick-work, from whic'h were obtained some years ago^the bones 
of a whale, at a depth of nine feet from tho surface, together with pieces of 
the bark of the alder and nuts of the hazel. This deposit is most probably 
a post-glacial or recent accumulation.* 

Croftamu . — Dumbartonshire. At about one hundi ed feet above the level 
of the sea the horn of a reindeer was discovered in blue clay, seven feet in 
thickness, under till, accompanied by arctic shells, in all about eighteen feet 
from the surface f 

Atuiochie. — Five miles north of Peterhead, on the Aberdeenshire coast. 
Tho shells occur in a bed of fine clay a few feet above the soa-lcvel, passing 
underneath tho beach; they are entire, with the epidermis preserved but 
very much decayed.}" 

Belhelvie — A clay pit five miles north of Aberdeen, and from thirty to 
forty feet above high-wator mark. Tho shells are fragmentary and occur in 
a black stratum in laminated clay which rests on boulder clay.^ 

EllisJiUi. — Railway cutting three miles west of Peterhead. The shells are 
found in a red clay at an elevation of onohundred and twenty feet above the sea.|| 
Gamrie. — Seven miles south of Banff. Shells occur in a thin sand bed at 
an elevation of about one hundr(‘d and fifty feet. The mass of tho deposit, 
consisting of fine sand and clay, extends to a height of three hundred fect.1I 
King-Edward. — Five miles south-south-cast of Banff. Shells found in 
silt and gravel at an edevation of from one hundred and fifty to two hundred 
feet, some of them entire and in .situ. 

Tyric. — ^Near Kinghom, Fife. The shells at this locality were first made 
known by the late Dr. Fleming. 

Tnvernettie, — A brick- work, one mile south of Potorhoad.** 

AurJiIpucIirtcs. — Twenty miles north of Aberdeen. Shells occur as broken 
fragments in a thick mass of gravel, about three hundred feet above the sea- 
levol.tt 

Portobello. — At the brick and tile works near Portohollo, brick-clays 
are well exhibited, constantly containing Fora era, Enfo?nostraca, and 
occasionally shells. Hugh Millor and Prof. Geikio record tho occurrence of 
Scrohicularm piperata, nuts of the hazel, branches of the oak, beech, thorn, 
and other trees.};}; In Ahercorn brick-field S, piperata occurs in its natural 
position. Pebbles of chalk and flint and nests of sand are frequently met 
with. The latter also contain piecos of chalk, flint, grit, together with 
Foraminifera, EutomoMraca, and shelly ddbris, which appear to be different 
from those in the clay itself. Those deposits are probably in part post-glacial. 

Elie. — On the Fife coast, eleven miles south of St. Andrews. Shells are 
contained in a bed of clay passing out to sea, and are not in a good state of 
preservation. The fauna of this bed is decidedly arctic in character, more so 
in fact than in most other localities. §§ 

Errol. — Clay pit on the north side of the river Tay, eight miles ea-st of 
Perth. The clay from which the shells are obtained is about forty-five 
feet above sea-level. Leda arctica is obtained here.|||| 

• J. Haswell, Oeol. Mag., vol. ii. p. 182. + J. A. Smith, Pro. Roy. Phys. Ed., vol. i. p 247. 

t Jamieson, Quart. Journ. Oeol. 80 c., vol. xxi. p. 196. \ Ibid., p. 196. 

II Thid., p. 196. IT Tbtd., p. 196. ** Ibid., p. 197. Ibid., p. 196. 

Gteikie, Mems. Oeol. Survey, Memoir 32, Scotland, p. 128. 

Jamieson, Quart, Journ. U(ol, Soc., vol. xxi. p. 196. 
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Towncroft Farm, — Near Grangemouth. At this place a shaft was sunk 
through alternating beds of s ind, mud, gravel, clay, and till, to a depth of 
one hundred and fifty-five feet. At a dei)th of about eighty feet, the bones 
of the small arctic Seal [Pagomijs fmt idnsy Gray) were found, accompanied by 
two species of Foramirii fora ; comprvssa, D’ Orb, and Fonionina 

asterizansy F. and M. In the same shaft, at about a depth of only four feet 
from the surface, a portion of a horn of a largo rod door was met with in 
blue mud and sand.* 

Itothosay, — In the course of an excavation for a gasometer in the town of 
Rothesay, a shelly-clay was cut, underlying a bed of stratified sea-sand, which 
was again overlaid by a stratum of moss.f 


NOTE II. 

Map showing the Puincipal Direction of the Glaciation of Scotland. 

The earliest general sketch-map of Scotland, showing the direction of the 
glaciation, is that which accompanies my brother’s paper “ On the Glacial 
Phenomena of Scotland,” published in the Tnuisacfiona of ihe Glasgow Geo- 
logical Socieig, Since the date of that publication our knowledge has greatly 
incrc'ased. A large part of the midland and southern districts of the country 
has been surveyed by the Geological Survey, and to their maps 1 must refer 
those who desire detaih'd information. I have not found it possible on the 
present small map to indicate all the places where stria* have boon observed 
by the Survey, for in many cases they are so closely sot that a very large 
scale would bo required for the purpose. Thoso who have been engaged on 
the work of the Survey in the districts referred to are Professor Geikie, Dr. 
(now Professor) Young, and Messrs. B. N. Poach, II. M. Skao, R. L. Jack, 
J. Ilorne, D. R. Irvine, and myself. Another observer, Mr. Jolly, has also 
imblishod a short account of some part of the MeiTick district in Galloway. 
In the north of Scotland the chief additions to our knowledge have been 
made by Mr. Jamieson, who has traced the glaciation of Caithness, and 
noted a number of bajalitics on the borders of the Moray Frith, and along 
the coasts of the north-west Highlands. Mr. C. W. Peach has described the 
glaciation of the Shetlands , Dr. Howden has ascertained the direction of 
the glaciation in the Montrose district, and I have given some account of 
the glaciation of Lewis, and have mapped the strim in a number of the western 
sea-lochs, and along the borders of several of the highland lakes. I append 
here a few notes supplementaiy to the general account of the glaciation of 
Scotland given in chapters vi. and vii. I have stated at p. 101 that the 
Scotch ice coalesced on the floor of what is now the North Sea with the 
Scandinavian mor de glacc. I believe Mr. Croll was the first to indicate that 
such must have been the case. He pointed to the direction of the striae 
on the south coasts of the Moray Frith, in Caithness, and in Shetland, 
and showed how they could not have been produced by ice streaming out 
from Scotland in a regular way. He reasoned that at the climax of glacial 
cold the Scandinavian ice-sheet and the Scottish glaciers attained so great a 

Turner, Pror. Ed. Jlog. Soc.y 1869-70, pp. 106-114. 
t llugh Miller, Slcelch Hook Pop. Geol. App., p. 324. 
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thickness that they could not possibly have floated off in the sea that separates 
the one country’ from the other. And he explained the abnormal direction of 
the stnao in the Shetland Islands, in Caithness, and the north-east of Aber- 
deen, by inferring that tho Scandinavian ico-sheot pressed np against the 
Scotch ice, and thus partially deflecting it, compelled it to over-ride Caith- 
ness from south-east to north-west. As another indication that some great 
obstruction opposed the pro}>reas of tho Scotch ico as it crt'pt outwards upon 
the bed of tho Gorman Ocean, I would point to the direction of the glaciation 
in the lower reaches of the Tweed valley. In this valley tho ice flowed from 
west to east at Kelso, but for no apparent reason it gradually turned away 
to south-east, as it continued on its course, until at last it overflowed Holy 
Island, and the district round Belford, in a direction parallel to tho trend of 
the coast. This is certainly not the direction which a glacier that filled tho 
Tweed valley would naturally take ; hut seeing that tho Scandinavian ico- 
sheet cannot fail to have occupied the bed of tho Gorman Ocean, we have in 
its prosonco a simple explanation of the curious trend of the stria) referred to. 
The Scotch ice, impeded in its outward course, was compelled to hug and 
overflow the English coast in its progress towards the south. 

A similar great deflection of the Scotch mor do glace took place off the 
north coast of Ireland. In that region tho Irish and Scottish ice-sheots 
coalesced — one portion flowing westwards into the Atlantic, and the other 
south-west and south into the Ifish Sea. The fact of this deflection is 
attested by the position of the strim in the south of Scotland (Wigtonshire), 
by the direction of tho fiord-basin of the Sound of Jura (see map of Thysio- 
graphy of West Coast, &c., and Note E), and the deep’hollow in front of 
liathlin Island : by tho deflection of tho glacial strim in the north of Ire- 
land, and by tho fact that the Scotch ico overflowed tho Isle of Man, as is 
shown by the composition of the till in that island, and the direction of the 
glacial striae, which my colleague, Mr. Home, assures me point from north- 
east to south-west, t.e. parallel to the hackhono of the island. 

The direction of the glaciation in the basin of the Clyde is very striking. 
From a study of the map it will he observed that the ice which streamed 
down the vale of the Leven and the Garelocb, instead of flowing out to sea 
by the Frith of Clyde, was forced away to south-east and east, eventually 
crossing the whole breadth of Scotland, and doubtless coalescing at last with 
the Scandinavian ice-shoot. From this we may imagine how great must 
have been tho accumulation of glacier-ice that filled up the lower reaches of 
the Frith of Clyde, and poured southwards over the bed of the Atlantic 
towards the south-wost coast of Scotland and the north of Ireland. It will 
be noticed, moreover, that at various places the stri® cross and recross, and 
there is sometimes an apparent confusion, especially on the high-grounds that 
extend from llonfrewshiro into Lanarkshire. These curious appearances are 
due — ^first, to the meeting of the two great opposing streams from north and 
south ; and second, to the removal of obstructions to the natural flow of the 
ice during the retreat of the great mer de glace. The two colossal ice-streams 
met somewhere above Hamilton. Certain appearances would even lead one 
to infer that the highland stream sometimes reached as far south as Lesma- 
hagow, for Mr. B. N. Peach got scattered fragments of mica-schist, gneiss, 
and other typical highland rocks in the till of that district. But it is evident 
that the region between Lesmahagow and Cambuslang was a kind of debat- 



APPENDIX. 


S<>5 

able ground upon which the rival ice-streams were liable to occasional deflec- 
tions. The general trend of the stri© west and south-west of Strathavon, 
however, clearly indicates that the high-grounds in that district were 
glaciated by the ice that streamed outwards from the Highlands. If we draw 
an undulating line from the sea-coast near Ayr north-east to the valley of the 
Irvine, and thence across the watershed into the Avon, and east to Lesmaha- 
gow, then down the valley of the Clyde to Carluke, sweeping it away to the 
east by Wilsontown, and thereafter continuing it along the crest of the 
Tentlands and the northern [slopes of the Lammermuir Hills, by Keston 
and Ayton to the sea, we shall roughly indicate the meeting-place of 
tho two great ice-streams. All along this line we have a “debatable 
ground” of variable breadth throughout which we find a commingling in 
tho till of stones which have come from the north and south. South of it 
characteristic highland stones do not occur, and north of it stones derived 
from the south are similarly absent. When the ice-shoots were melting 
back, and so breaking up into a series of gigantic local glaciers, tho direction 
of flow o(‘casionally became modified. The highland glaciers, no longer 
hampered in their course by the ice piled up upon tho low-grounds, were 
enabled to follow tho natural slope of their bods ; and this gave rise to 
another sot of striae. Examples of such cross-hatching of stria) occur, as my 
colleague, Mr. Jack, has proved, very abundantly in tho basin of tho Clyde . 
During tho climax of glacial cold the lower reaches of the Frith of Clyde 
were choked with ice descending from the mountain-glens of Argyloshiro, 
and hence the ice that streamed down tho Gareloch and the valley of the 
Leven was forced to overflow tho high-grounds behind Greenock, and so to 
continue on its way up tho valley of tho Clyde towards Glasgow. Here- 
abouts the pressure of the ice-sheet advancing from tho south began to be 
felt, and a portion of the highland ice-stream becamo deflected, flowing first 
south-east, then south, and last south-west, while another portion continued 
on its easterly course across the whole breadth of tho country to tho North 
Sea. 

In a preceding Note (E) I have spoken of tho “ undertow ” of tho ico-shoot, 
and endeavoured to show how tho lower strata of the massive ice-sheet might 
be deflected, while the upper portions of the stream flowed on in one con- 
tinuous direction. There is abundant proof to show that this was tho case 
in a less or greater degree in almost every part of tho country. The stri© 
are deflected by isolated hills and projecting bosst's, while tho general direction 
of glaciation remains unchanged. Nor is there wanting evidence that would 
lead one to infer that here and there the lower strata of ice followed one route, 
while the upper strata were moving in almost an exactly opposite direction. 

[Since this Note was in type No. 116 of the Geological Society’s Journal 
has appeared. It contains a paper by Mr. J. F. Campbell (“ Notes on the 
Glacial Phenomena of the Hebrides ”) in which the direction of tho glacial 
stri© in some of the islands of tho Outer Hebrides is given. These directions 
I have transferred to my map. Mr. Campbell considers that tho islands have 
been glaciated from north’-west to south-east. My own observations in the 
Outer Hebrides compel me, on the contrary, to believe that the overflowing' 
ice camo from the mainland of Scotland, i.e., from south-east to north-west. 
See Quart. Journ, Geol. Soc.j vol. xxix. p. 532.] 
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Long, Fync, Sunart, 297 ; Loch 
Etive, 300, 520 ; Lochs Tomdon, 
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166, 405, 407, 419, 526; in post- 
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Ireland, 375; of Scandinavia, 381 ; 
of Switzerland, 401 ; of North 
America, 419 
Merrick mountains, 271 
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land and Wales, 360, 363 ; of Ire- 
land, 373; of Norway, 381 
Morainic lakes, 284 
Morlot, M., on two glacial periods in 
Switzerland, 407 

Mdrschweil, inter-glacial beds at, 404 
Moseley, Canon, on glacier motion, 38 
JMotion of glaciers, 36 ; rate of, 38 
Mounds of sand and gravel, 228, 363, 
374, 385, 390, 420 

Mud and silt derived from glaciers, 
50, 77 

Musk sheep, 461 

NATHoiurr, Mr.," on Swedish inter- 
glacial deposits, 384 
Noidpatli, Peebles, beds below till at, 
157, 181 

Neolithic deposits, their distribution, 
480 ; of Switzerland, 487 ; of Italy, 
488 

Neolithic iieriod, 435 
Ness, sand and gravel in Vale of the, 
238 

Newberry, Hr., on drift deposits of 
Ohio, 417, 419 ; on boulder in cool, 
513 

New Kilpatrick, intcr-glacial deposits 
at, 183 

Newport, raised beaches at, 308 
Nielston, fossililcrous beds in till 
near, 162 

Nithsdalc, gravel terraces of, 248 
Nith, valley of the, 8J 
Norfolk coast sections, 366 
Noimandy, submerged peat of, 322 
Noirie’s Lm'v, kame of, 230 
N 01 them drift, 390 
North JMinch, hlled with glacier ice, 
99 ; deptli of, 298, 326 
North Si‘ I, 280 

North Uist, submerged peat of, 323 
North-west districts of England, gla- 
cial de])osits of, 357 
Norway, glaciation of, 381 
Norwich Crag, 366 
Nova Zomhla, disintegrated rocks of, 
52 ; clmnte ot, 114 
Nutation, 128 

Oak, range of, 320 
Oban, submeiged peat at, 323 
Obliquity of the ecliptic, 131 ; effect 
of increased, on climat(‘, 142 
Ochil Hills, striated rocks of, 80 , 
overflowed by highland icc'-shcet, 
9 1 ; erratics on, 222 ; kames at 
base of, 237 ; height of till on, 94 
Orkneys, submerged pi at and trees 
in, 321 
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Oscillations of level during glacial 
epoch, 201, 203, 365, 395, 417, 425 
Oscillations of level produced by 
weight of polar ice-cap, 216 

Pabbat (Hebrides), submerged peat 
of, 323 

Packard, Dr. A. S., on drift of Labra- 
dor, 414 ; on glacial lakes of the 
White Mountains, 424 
Paisley hills, 80, 185, 277 
Palaeolithic deposits, their geological 
ago, 467 ; their distribution, 477 ; 
ot Italy, 488 

Pala*olithic, neolithic, and mamma- 
liferous deposits of foreign coun- 
tries, 486 

Palaeolithic period, 435; climate of, 
450 

Paucity of fossils in high-level brick- 
clays of Scotland, 279 
Peach, Mr. B. N., on till of Ochils, 
94 ; on till of Lesmahagow, 664 
Peat-moss, composition of, 317 
Peat-mossos, submerged, 314-325; 

origin of, 337 ; decay of, 339 
Peccary, 499 

Peeblesshiie, sand and gravel in 
valleys o^ 249 
Peebles, terraces at, 306 
Pengelly, Mr., on Kent’s Cavern, 440 
Pentland Hills, striated rocks of, 80; 

till on, 94 ; erratics on, 222, 223 
Perched blocks. (See Erratics.) 
Petaries, grants of, in Scotland, 333 
Peterhead, boulder clay beds at, 212 
Physical condition of Scotland during 
formation of till, 98 
Physical condition of Scotland during 
formation of boulder clay, 215 
Physical condition of Scotland during 
ioi mation of clays with arctic shells, 
277 

Physical condition of Scotland in 
post-glacial times, 348 
Physiography of western Scotland 
as it would appear upon an eleva- 
tion of 600 ft., 519 
Pine, Scotch, range of, 319 
Pliocenic alluvia of Northern Italy, 
626 

Portobello brick-clays, 265 
Post-glacial deposits of Scotland, 304, 
317, 341 ; 01 England and Ireland, 
376 ; of Scandinavia, 388 ; of Swit- 
zerland, 409, 487 ; of Italy, 488 
Post-glacial period in Scotlfimd, sum- 
mary, 348 

Precession of the equinoxes, 128, 
effect of, on climate, during high 


eccentricity of the earth’s orbit, 
139 

Pre-glacial lakes, 182 
Prestwich, Mr., on river-gravels, 468 ; 
on shells in river-gravels, 469 ; on 
river-drifts at Hoxne, 474 ; on 
changes of drainage-systems in 
England, 477 

Pumpolly, Mr., on rock-basins in 
northern Asia, 380 
Pyronoos, 378 

Queen Charlotte Islands, glaciation 
of, 380 

Kacoon, 499 

Kaised beaches, 304 ; human relics 
in, 310, 312 

Kamsay, Professor, on distribution of 
lakes, 283 ; on rock-basins, 286 ; 
on glaciers of North Wales, 364 ; 
on ago of cave-deposits, 473 ; on 
glacial period in the Permian, 614 
Rathlin Island, submerged rock-basin 
north of, 622 

Ravines, pre-glacial and post-glacial, 
in Scotland, 168 

Recent deposits of Scotland, 304, 316, 
340 

Red deer, 346, 481 
Reindeer, 162, 103, 346, 451, 453 
Reston (Berwickshire), highland 
erratics m till at, 225 
Rhinoceros, 368, 407, 409, 451, 494 
Rhone glacier, 399 ; coalescent with 
Rhine glacier, &o., 401 ; moraine 
profonde of, in low-grounds of 
' France, 401 

Richardson, Dr., on glaciated aspect 
of the Barien Grounds, 411 ; on 
absence of mammalian remains 
east of Rocky Mountains, 497 
Ridges of sand and gravel, 228 
Rinns of Galloway, erratics of, 219 
River deposits below till, 151 ; in till, 
158, 193 

River-gravels of southern England, 
444, 468 

River ravines, pre-glacial and post- 
glacial, in Scotland, 168 
Rivers, glacial, 60, 77 
Rivers, large, during deposition of 
sand and gravel series of Scotland, 
243 

Rock-basins, 283, 286; absence of, 
from highly faulted districts, 289 ; 
double m some valleys, 302 ; silted 
up, 303 ; submerged, round Scot- 
tish coasts, 519 ; in herds, 520 ; 
opposite islands, 522 
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Kocks, stridtod, below till, 20, 80 ; 

below glacier, 49 
Roebuck, 346, 488 

Rome, Rev. J. L., on East Anglian 
drifts, 366 

Ross, Sir J. C., on antarctic ice, 102 
Rum, island of, rock-basin north of, 
623 

Ryo Water, 191 

Sahara, a sea during glacial epoch, 
402 

St. Mary’s Loch, 303 
Saltpans, destruction of timberfor, 333 
Sand and gravel on denuded till, 227 ; 
distribution of in Scotland, 227 ; 
stratified down valleys, 240 ; pass 
into angular debris, 241 ; older 
glacial dei) 08 its denuded below, 
242, 403 ; inode of origin of, 243, 
249 ; fossils in, 245 
Sand dykes, 175 

Scandinavian superficial deposits, 
381; general succession of, 427 
Scotland, superficial formations of, 
6 ; hills and mountains of, rounded, 
22 ; aspect of, during climax of 
glacial cold, 101 ; physical aspect 
ot, during Roman period, 329 
Scottish soa-lochs, 296 
Sea-lochs and submerged rock-basins, 
300, 519 

Selwyn, Mr., on traces of former 
glacial action in palaeozoic rocks of 
Australia, 513 

Siberia, climate of, 114, 460; mam- 
maliferous deposits of, 494 
Sierra Famatina, height of snow-line 
on, 33 

Sierra Guadarrama, ancient glaciers 
of, 379 

Sierra Nevada, ancient glaciers of, 379 
Sierra Nevada (California), ancient 
glaciers of, 380, 422 
Sheep, 488 

Shells, broken and striated in boulder 
clay, 206, 209, 210, 212 
Shore deposits in fiords, 261 
Skao, Mr. H. M., on high-level ter- 
races of Nithsdale, 248 
Skene, Loch, moraines at, 269, 284 
Slitrig Water, fossiliferous beds in 
till at, 159 

Smith, Mr., of Jordanhill, cited, 268 
Smith’s Sound, 65 
Snow-line, 32 ; height of, 33 
Solinus, his description of the Ork- 
neys, 330 

Solway Frith, confluent glaciers flow- 
ing into, 84 


Southern hemisphere, why it has a 
cooler mean annual temperature 
than the northern, 142 
Spey, sand and gravel in valley of, 
238 

Stag, 488 
Steinbeck, 407 

Stevonston, blown sand of, 316 
Stinchar, valloy of the, boulder clay 
in, 207 ; raised beaches at mouth 
of, 308 

Stoddard, Professor O. N., on 
scratched pavepients in till of 
Miami, 415 
Stone age, 434 

Stone period, newer, in Scotland, 347 
Stones, in Scotch till, 14 ; lines of, in 
till, 23 ; below glaciers, whence 
derived, 50, 85 ; in till, whence 
derived, 86 ; commingling of, in 
till, from separate districts, 91 ; in 
till indicate direction of ice-flow, 
91 ; in brick-clay bods, 263, 264 
Stratified deposits at high levels, 248 
Striae direction of, in Scotland, 80, 
84, 96 ; height of in Highlands, 
83 ; direction of, in England, 360 ; 
in Scandinavia, 381 ; of North 
America, 419 

Striated rocks below till, 20, 80; 
origin of, 81 

Striated stones, scarcity of in termi- 
nal moraines, 76 

Striated pavements in till, 164, 416 
Submarine bank in front of Eisblink 
glacier, 67, 61 

Submerged trees and peat, 314, 321 
Submerged rock-basins oft’ west coast 
of Scotland, 297, 519 
Submergence, extent of, in Scotland, 
during forniation of kames, 264 ; 
during inter-glacial periods, 202; 
during formation of boulder clay, 
216 

Succession of glacial deposits, tables 
of, 426 

Summary of geological changes in 
Scotland in post-tertiary times, 
361, 425 

Summer of polar regions, 37 
Superficial formations of Scotland, 
general distribution of, 6 
Sutherland, range of Scotch pine in, 
320 

Sweden, glaciation of, 381 ; upper 
and lower till of, 383 ; inter-glacial 
deposits of, 384 ; &sar of, 385 ; 
erratics on Ssar, 387 ; shelly clays 
of, 387 ; post-glacial beds of, 388 ; 
moraines of, 388 ; succession of 
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changes in, during glacial epoch, 
389; erratics derived from, 390; 
• origin of asar of, 392 
Switzerland, superficial dc'posits of, 
398 ; erratics of, 399 ; till or mo- 
raine-profondo of, 402 , ancient 
alluvium of, 403; inter- glacial bods 
of, 404 ; grav('l and ei ratios over- 
laying inter- glacial b(‘ds of, 405, 
406 ; teiTninal moraines of last 
gl-ujial period in, 406 ; moraines of 
first and second period in, 407 ; 
post-glacial beds of, 409 
Sylva (Jaledonifr, 320 
Wyncbnal troughs, 288 

Table of sedimentary strata, 51 1 
Table of quate rnary de])osits of Bri- 
tain, and their foreign ccpiivalents, 
616, 517 

Tables of general succession of gla- 
cial di‘p()sits, 425 
Tain, boulder clay at, 212 
Talla Linufoots, buried roclc-basin at, 
303 

Tallert Bank, 61 

Tay, basin of, submerged peat and 
trees in, 322 

Tents JMoor, blown sand of, 316 
'J’erraces of gravel and sand at Esgles- 
ham, 232, 248 

Teviot, kames in valley of, 247 
Thickness of Scottish nicr de glace, 
83 ; of Scandinavian, 381 ; of 
Swiss, 400 ; of North Amcrioan, 
420 

Tiddeman, Mr., on ico-sheet of north- 
west England, 360 ; on human 
remains in Victoria Cavi', 510 
Tiger, 451 

Till of Scotland, 8 ; its general cha- 
racter, 10 ; its stones, 14, 75 ; its 
local character, 16, 93; its distri- 
bution, 16, 88, 95 ; its tenaced 
aspect in Southern Uplands, 17, 96 ; 
its drums or sowbacks, 19, 97 ; 
smoothed and broken rocks under, 
20, 80 ; its nests and patches of 
sand and gravel, 23 ; early theories 
of, 27 ; origin of, 87 ; stones of, 
whence derived, 86 ; striated pave- 
ments in, 164 ; contorted beds in 
and below, 166 ; beds accompany- 
ing, 150, 166, 179 ; river-deposits 
in and below, 193 ; lacustrine de- 
posits in, 181, 186, 196 
Till of the Ochil Hills, the Pentlands, 
Paisley and Kilmarnock high- 
grounds, Tinto Hill, &c., 94 
Till of England, 359; of Ireland, 


373 ; of Scandinavia, 383 ; of Swit- 
zerland, 402; of North America, 
413 

Tillon Burn, pro-glacial course of, 176 
Tiree, submerged peat of, 323 
Torfieus on the Orkneys, 331 
Tomebohm, Mr., on erratics of Jomt- 
land, 382 ; on Swedish till, 383 ; 
oil mild inter-glacial period in 
Sweden, 384 ; on elevation reached 
by the hsar, 387 ; on moraines of 
Lake Wenor, 388 ; his theory of 
foimation of dsar, 392 
Traigh (Jhrois, Lovns, boulder clay 
at, 209 

Trees b('low jeat, 318 
Tiees below silt of e-irse lands, 314 
'J’rinity, raise 1 beaches at, 309 
Tweed, glacier of, 84 ; drums of till 
in valley of, 97 ; stratifii'd deposits 
below till of, 155. 157 ; changes in 
com so of, since glacial tunes, 182 
Tyndall, Dr., his theory of glacier 
motion, 36 

Tyrio briek-elays, 266 
Tvtler, Mr., on old Scottish forests, 
*332 

Ih)DiNGsTON, sh(‘lly clay at, 260 
Ulles water, 364 

Undertow of Scottish ice-shcot, 523, 
565 

Upernavik, 70 

Upper drifts of Scotland, 218 
Urus, 162, 346, 405, 451 
Utznaijb inter-glacial beds, 404 

Vallay, Hiilimorged peat of, 323 
Vancouver’s l^and, 380 
Viscous theory of glacier motion, 36 
Vosgc's IVIountains, auciemt glaciers 
of, 378 

Wales, glacial deposits of, 358 
Ward, Mr. J. C., on Lake district, 
262 

Wark, kames at, 229 
Washington Territory, 380 
Waste of mountains, (kc., 52, 87 
Water below Greenland glaciers, 63 
Watson, Mr., on range of tices, 319 
Waves of translation, 28 
Weathering ol rocks, 340 
Wetzikon inter-glacial beds, 404 
Wexford gravels, 374 
Whitaker, Mr. W., on Thames gra- 
vels, 468 ; on correlation of boulder 
clays, 475 

Whiteadder Water, kames in valley 
of, 237 
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White Mountains, glacial lakes of, 
424 

Whitney, Professor J. D., on drift- 
less region of Wisconsin, 500 
Whittlesey, Mr., on drift of North 
America, 413, 416, 416 
Wigtonshire, boulder clay of, 213 
Wild boar, 346 
Wild cat, 346 

Wilkes, Commodore, cited, 101 
Winds, effect of variations in eccen- 
tricity of the earth’s orbit upon, 140 
Winter temiierature, linos of equal, 
in Europe, 114 

Wishaw, pro-glacial river-courses in 
neighbourhood of, 176 
Wolf, 346, 376 


Wooded condition of post-glacial 
Brifeiin, 326 

Woodhill Quarry, Ayrshire, 162 
Wood in till, 16, 164 
Wood, Mr. Nicholas, on buried river- 
course, 181 

Wood, Mr. S. V., on glacial deposits 
of East Anglia, 366, 369 
Woods, destruction of, in Scotland, 
333 

YAiinow, ice-flutings in valley of the, 
95 

Young, Professor, cited, 152 
Ythan, sand and gravel in valley of 
the, 238 
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